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TWEOWTICAL AND EXPERINENTAL STRESS ANALYSES 03' Onivl; 
THIN-SHELL CYLINDER-TO-GYLIT\XDEX MODEL 3 

R. C .  Gwaltney S .  M. C o r n  
S. E .  Bolt J. W. Bryson 

The t h i r d  i n  a s e r i e s  of four th in - she l l  cylinder-to-cylin- 
der models was t e s t ed ,  and the  exyerimentally detemnined e l a s t i c  
s t r e s s  d i s t r ibu t ions  were compared with theo re t i ca l  predictions 
obtained from a th in - she l l  f ini te-elanent  analysis .  The models 
a r e  idea l ized  th in - she l l  s t ruc tures  consis t ing of two c i r cu la r  
cy l ind r i ca l  she l l s  t h a t  i n t e r sec t  a t  r igh t  angles. 
no t r ans t t i ons ,  reinforcements, o r  f i l l e t s  i n  t h e  junction re- 
gion. 
(1) t he  experimental data  provide design information d i r e c t l y  
applicable to nozzles i n  cy l ind r i ca l  vessels ,  and (2)  t he  ideal-  
ized models provide t e s t  r e s u l t s  f o r  use i n  dfvelopiag and eval- 
uat ing theo re t i ca l  analyses applicable t o  nozzles i n  cylindrical. 
vesse ls  and t o  t h i n  piping t e e s .  

There a r e  

This s e r i e s  of model t e s t s  serves two basic  purposes: 

The cylinder of model 3 had an outside diameter of' 10 Ln., 

The OD/thickness r a t i o s  for t he  cylinder 
and the  nozzle had an outside diameter of 1.29 i n . ,  giving a 
do/Do r a t i o  of 0.129. 
and t h e  nozzle were 50 and 7.68 respectively.  Thirteen separate 
loading cases were analyzed. 
was r i g i d l y  held. 
th ree  mutually perpendicular force components and th ree  uiutilally 
perpendicular moment components were individual ly  applied a t  the  
f r e e  end of t he  cylinder and at  t h e  end of t h e  nozzle. 
perimental s t r e s s  d i s t r ibu t ions  f o r  a l l  t he  loadings were ob- 
ta ined  using 158 three-gage s t r a i n  rose t t e s  located on the  inner 
and outer  surfaces.  

In  each, one end of t h e  cylinder 
I n  addi t ion Lo an i n t e r n a l  pressure loading, 

The ex- 

The loading cases were a l so  analyzed theo re t i ca l ly  using a 
finite-element s h e l l  analysis  developed a t  t he  Universl.ty of 
California,  Berkeley. The analysis  used f l a t - p l a t e  elements and 
considered f i v e  degrees of freedom per  node i n  t h e  f i n a l  assembled 
eqyations. 
reasonably good agreement f o r  t h i s  model. 

The comparisons between theory and experiment show 

1. INTRODUCTION 

In te rsec t ing  cy l ind r i ca l  shells a r e  common configurations i n  s t ruc-  

tural components f o r  nuclear reactor  systems, spec i f i ca l ly  piping t e e s  and 

nozzles. However, despi te  t h e i r  common occurrence, proven e l a s t i c  s t r e s s  
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were rrgrplied t o t h e  f”ree end of the CyLhder and to the end o f the  nozzle. 
Thee ta and mahmlly perpn- 

dicular moment ccmponents were ed indAviduaUy at each location. Tbm, 

including internal pmlssure, there was a total of 13 loading cases. 

loading cases were exaniaed b&’h ezqpz%melrtally and armQticdly,  and the 

resulks were -red for each case. 

These 
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Fig. 2. Schematic of model 3 showing applied external loadings. 

specif ic  element layout f o r  the  model. 

experiment f o r  a l l  13 loading cases a re  discussed i n  Chap. 4, and Chap. 5 

contains a concise swunary of the  conclusions drawn from the  study of 

model 3. 

t a l  data for capa r i sons  with h i s  own analyses, an appendix i s  included 

that gives a complete s e t  of experimental data for each of the  13 loading 

cases. 

Complete comparisons of theory and 

For t h e  benefi t  of t he  reader who wishes t o  use the  experimen- 

2. EXPERIMENTAL ANALYSIS 

In  experimental investigations of th in-she l l  cylinder-to-cylinder 

pressure vesse l  configurations, both strain-gage metal models and photo- 

e l a s t i c  models have been used. 

pressure and f o r  external nozzle loadings have been carr ied out by Harden- 

bergh, Zamrik, and Edmondson, * by Hardenbergh and Zamrik, s and by Riley. 

Contoured and reinforced ou t l e t s  were used i n  the  f irst  two studies;  i n  

Strain-gage model s tudies  f o r  i n t e rna l  
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t h e  th i rd ,  t h e  model vas fabricated from hot ro l l ed  sheet s t e e l  by weld- 

i n g .  In  photoelast ic  s tudies  car r ied  ou2; 11y Taylor and Lind7 and by 

Leven, reini"orced openlngs were examined, Thus, of t h e  previous studies,  

only t h a t  of" E(i.l.ey" used a th in-  sbeLP ideal ized cylinder-to-cylinder metal 

model, md i_t was of welded construction r a the r  than being carefUly ma- 

chined.. 

2 1 Model construction 
_̂llll 

One af the primary o.73Jeetives of t h e  experimen-tal analysis described 

i n  t h i s  repo-rt was t o  obtairz e q e r i n e n t a l  data on a care1Uljr machined 

c y l i ~ ~ ~ ~ ~ - ~ o - ~ y L ~ - ~ d e ~  m d e l  so t h a t  the e f fec t s  of geometri.cal imperfec- 

t i o m  would be minimized. 

The bash  configurtxution was obtained by forging a carbon s t e e l  b i l l e t  

The forgirig w a s  then bored i n t o  the shape of a t e e  and then annealing it. 

out t o  the rough inside dimensions, the  outside was rough machined, and 

t h e  stm,edure was reaiinealrd I To maintairi t h e  correct  dimensions during 

annealing, a t i g h t - f i t t i n g  graphite mandrel ~ m s  machined and inser ted i n  

both t h e  nozzle and cyl inder .  'The iriside surfaces were then machined t o  

t h e  f i n a l  dimensions by boring. The f i n a l  machining OIL t h e  outside sur- 

face was done on a tracing-type mil l ing machine using a c a r e f i l l y  con- 

structed mahogany wood pattern.  

Model 3 w a s  i n s t rmen ted  with electric resis tance s t r a i n  gages on 

both the  outside and. ins ide s~u~faces.  

used. on t'h5.s model t o  provide a good descr ipt ion of t h e  s t r e s s  d i s t r ibu-  

t i ons  f o r  comparisons with predi-ctions and f o r  ident i fying the high-stress  

regions 

A su f f i c i en t  number of gages was 

The strain-gage lxyuuts f o r  t h e  outer arid inner surfaces a re  shown 

i n  Figs. 3 and 4. respectively.  

s e t t e s  w a s  used, making 474 individual  s t r a i n  gages. 

s e t t e s  on t h e  outer surface and. '73 on the irlrier surface. These were, i n  

most cases, located "back t o  back" a t  t h e  locat ions shown in Figs. 3 and 4 

A- t o t a l  of 158 three-gage strain-gage ro-  

There were 85 ro- 
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,--I lhe gages were arranged i n  two opposite qmdrants along l i n e s  .running 

from the  junction of t he  nozz1.e and cylind.ei-. 

o f  gages a t  45" in te rva ls  and the other has two l i n e s  of gages a t  90" in-  

te-mals  with only s i x  rosettzs i n  a l i n e  on each surface. 

One quadrant has three  l i nes  

n l.hbL were .two pr inc ipa l  reasons f o r  gaging two opposite quad.rants. 

F i r s t ,  t he  behavior i n  the  two quadrants w a s  expected t o  be d i f fe ren t  f o r  

the rnaljority o f  the  13 loadings. Second, f o r  loadings such a s  in t e rna l  

pressure, where the behavior should be ident ica l ,  e,uperirnental data from 

two supposedly- i den t i ca l  quadrants allow a check of t h e  data and provide 

some indicat ion of -the e f f ec t s  of' geometrica,l intperfections i n  t h e  model. 

The three-gage :roset.i;ea used. were Micro-Measurement s ty-pe EA-06- 

03OYB-120, option SE, whi.ch are very compact three-gage f o i l  rose t tes .  

The three  individual gages a re  arraaged i n  a "Y" pat te rn  and have an i n -  

dividual gage length o f  0.030 i n .  A s  can be seen i n  the  inse t  i n  . h e  

upper right-hand corner o f  Fig.  3, f i v e  complete rose t tes  were located 

along each gage l i n e  wi"c'n5.n t h e  f irst  5/8 i n .  from the  junction, 

firs-i f ive  rose t tes  were supplied mounted on a common backing by the  gage 

manufactmer. These assemblies have the  same designabion as t h e  s ingle  

rose t tes  except t h a t  the  option becomes B27. One o f  t he  f ive- rose t te  

assem'olies i s  sho-wzi in Fig .  5, 

These 

The rosettes were appl-j-ed- w i t h  an epoxy adhesive, BR-610, which 5s 

avai lable  f :mm W. T. Bean, Iizc. Curing t5mes and telrtperatures ranged 

froui 10 h r  a t  250°F t o  24 h r  at 200'F. 
used t o  connect t he  gages t o  te:minal 3abs to which larger lead wires were 

connected. 

Uninsulated h - m i l - d i a ; m  wire vas 

The model- i s  shown i n  F tg .  6 with the  s t r a i n  gages applied but not 

completely wired. "he t'nree l i n e s  of gages i n  the fourkln quadrant can be 

c lear ly  seen. 

f.mm t h e  longi tudinal  plane, and i n  the  transverse g h n e  a t  90' from the  

l o n g ~ . ~ u d i m l  plane, 4 closeup of t h e  rose t tes  i n  the junction region i s  

shown i n  Fig.  7. 

They a re  i n  the  longi tudinsl  plane a t  O o ,  at, 145' around 

2.3 Test Description 

Figure 8 shows t h e  instrumented model i n  a loading frame being sub- 

jected %o an in-plane moment loading on the nozzle. The r igh t  end of t he  
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cylinder was  r i g id ly  clamped t o  the  heavy f l a t  p l a t e  using a s p l i t  r ing  

arrangement act ing over t he  flange on t h e  end of t h e  cylinder.  

ing f ix tu re s  on t h e  other  end of t h e  cylinder and on t h e  end of t he  noz- 

z l e  were attached i n  a similar manner. 

constrained t h e  end c i r c l e s  of t h e  s h e l l  t o  remain plane c i r c l e s .  

f i x t u r e s  were counterbalanced by weights attached t o  t h e  cables (Fig.  8 ) .  

The load- 

These heavy f ix tu re s  i n  e f f ec t  

The end 

The external  loads were applied by hydraulic rams.acting through load 

c e l l s ,  and the  loads were control led by t h e  load c e l l  indications.  

pressure loading was  applied using a hydraulic f l u i d .  

s t ra in ing  of t h e  model, weights were used t o  counterbalance the  weight of 

t h e  pressurizing f l u i d  i n  t h e  model. 

For a l l  13 loading cases, data were taken i n  eight s teps .  In most 

cases t h e  data  were taken a t  0, 25, 50, 75, 100, 75, 50, 25, 0% of f u l l  

load. The procedure w a s  then repeated, so t h a t  two complete s e t s  of data 

were taken f o r  each gage every loading. 

The 

To avoid undue 

2.4 Data Acquisition and Reduction 

The strain-gage data  were recorded by a Datum Computer-Controlled 

Data Acquisition System (CCDAS) . 
un i t  composed of a data-acquisit ion cont ro l  module control led by a PDP-8/1 

computer w i t h  t h e  following capab i l i t i e s :  (1) magnetic tape input/output 

system, (2) in-core calculat ion a b i l i t y ,  and (3) te le typewri ter  input and 

The system cons is t s  of a data-acquisit ion 

output. 

The system records the  s t r a i n  data i n  mi l l i vo l t  readings on magnetic 

The PDP-8/1 computer converts t he  mi l l i vo l t  reading on the  tape  tape.  

i n t o  engineering u n i t s  ( s t r a i n s  i n  t h i s  case) and s tores  them on a second 

tape  which i s  compatible with the  ORNL IBM 360-91 computer. 

tape i s  sent t o  the  ORNL 360-91 computer, and s t r e s ses  a re  calculated f o r  

each rose t t e  by s t r ipping the  s t r a i n s  off t he  second tape.  

This second 

The experimental r e s u l t s  presented l a t e r  i n  t h i s  report  and tabulated 

i n  t h e  appendix a re  generally based on the  strain-gage readings a t  maximum 

load and on the  f i r s t  of t h e  two s e t s  of data taken from each gage and 

loading. If the  f i rs t  s e t  of data  w a s  questionable, the  second s e t  w a s  

used. The strain-gage readings a t  f r ac t iona l  values of t he  maximum load 



14 

were used t o  check l i n e a r i t y  and d r i f t  of t he  gages. 

l i n e a r i t y  or d r i f t  w a s  excessive or where an individual gage or c i r c u i t  

w a s  otherwise obviously malfunctioning, the rose t t e  of which the gage was 

a pa r t  w a s  not used i n  t h e  f inal  r e s u l t s  f o r  t he  spec i f ic  loading case 

under consideration. In  some instances, a gage that behaved e r r a t i c a l l y  

during one loading behaved normally during others.  
p l o t s  showing t h e  experimental s t resses ,  r e s u l t s  from a given rose t t e  may 

be included for some loadings but not f o r  others .  

In  cases where non- 

Thus, i n  t h e  f i n a l  

Stresses  were calculated from the  experimental s t r a i n s  by using a 

modulus of e l a s t i c i t y  value of 30 X lo6 p s i  and a Poisson r a t i o  of 0.3. 

2.5 Variations of Maximum Measured Stresses  
Around Nozzle - Cy l inde r Junction 

In a l l  but two cases, the  maximum measured s t r e s ses  occurred a t  the  

nozzle-cylinder junction. Consequently, representative experimental r e  - 
s u l t s  i n  the  form of maximum measured s t r e s s  d i s t r ibu t ions  around the  noz- 

zle-cylinder junction a re  presented and discussed here for each loading. 

Plots  of a l l  t he  experimental points  along each gage l i n e  a r e  presented i n  

Chap. 4 f o r  each loading and compared w i t h  t heo re t i ca l  predict ions.  

To examine the  maximum s t resses ,  s t r e s s  r a t i o s  were considered. These 

r a t i o s  were determined by dividing t h e  maximum absolute pr inc ipa l  s t r e s s  

value a t  a point by a nominal membrane s t r e s s  value. The membrane hoop 

s t r e s s  i n  t h e  cylinder and i n  the  nozzle w a s  used a s  the  nominal s t r e s s  

l e v e l  for t he  pressure loading. 

brane bending s t resses  (computed by Mc/I) or the  membrane shear s t r e s s  

(computed by T c / J  and equal t o  the  maximum normal s t r e s s )  i n  the  nozzle or 

cylinder were used a s  t h e  nominal s t resses .  For the  a x i a l  forces on the  

nozzle and the  cylinder, t he  a x i a l  membrane s t r e s s  (calculated by P/A) was 

used. For t h e  in-plane and out-of-plane forces  on the  nozzle, t he  nominal 

s t r e s s  was somewhat arbitrarily chosen as the  maximum bending s t r e s s  i n  the  

nozzle (calculated by Mc/I) a t  t he  l e v e l  of t h e  top of t h e  cylinder.  

t he  in-plane and out-of-plane forces  on the  cylinder, the  nominal s t r e s s  

was chosen as the  maximum bending s t r e s s  i n  t h e  cylinder a t  i t s  midlength 

(at t h e  center  l i n e  of t h e  nozzle).  

For t he  moment loadings, the  maximum mem- 

For . 



The applied loads used i n  the ex~er5meiiS;al analyses are given i n  

Table 1, t,oget;her w i t h  the nominal mem3rane s t r e s s  levels calculaLed by 

the  above procednres 

'The vm*ia%ions i n  tine e,xperimeiita,bly detemined iuax.imum stresses 

around t he  nozzle-cylinder junction are shown i n  Figs .  9 tlrrrough 21 f o r  

each of the 13 i1idividu.d losil.ing c a s e s .  IiI each case, t h e  stresses were 

determined from t'ne strain-gage rosettes immediately adjamwt to 'che jiinc- 

t ion ,  and of the four possi'ole maxi .mm stress dis t r ibu t ions  -- cylinder 

ins ide  and. outside and nozzle inside and. outside - those shown produced 

the h ~ " g e s t  skresses in each case. 

The points  la.beled "extrapolated rnax;iTnvm" i n  the  f ig : '~~:es  are es1;imated 

rnaxi-mniiu s t r e s s  ratios at the  j ~ m c t i o n  obt,ai.ned by ex-tmpolating %he e q e r i -  

rneiitally determined p r i m i p a I  st,ress d is t r ibu t ions  along each gage l i n e  to 

the peak stresses at the junction. 1% should be emphasized %hat the  maxi- 

mwii stress estimates art3: bawd on the siresses along gage l i n e s  only; t h i s  

Table 1.. Applied loads and noinin.al s t r e s s  l eve l s  

. . . . . . . . . .. . .. . . . . . . .. ... .. . . . . . ... . . . . . . . . . . . . . . ._.__I- --I..I 

N o m i n a l  
Load.inr;q case  Load I.eve1 niemb ram st, res s 

( p s i )  
l____--x.-- I_ 
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Fig. 9 .  Variation of maximum pr inc ipa l  s t r e s s  r a t i o s  around t h e  
nozzle-cylinder junction for i n t e rna l  pressure. 

~ ORNL-DWG 73-2682R 
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-- , 

Fig. 10. Variation of maximum pr inc ipa l  s t r e s s  r a t i o s  around the  
nozzle-cylinder junction for- out-of-plane moment, %, on the  nozzle. 

does not preclude t h e  existence of s l i gh t ly  higher s t resses  at locat ions 

between gage l i n e s .  

maximum s t r e s ses  based on both the  experimental and t h e  finite-element 

analyses a re  tabulated and compared i n  Chap. 

Figures 9 through 21  indicate  tha t ,  i n  general, t h e  maximum measured 

s t r e s ses  varied i n  a reasonably smooth and consistent manner around the  

The maximum s t r e s s  r a t i o s  and the  locations of t he  

5. 
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Fig. 11. Variation of maximurn principal stress ra t ios  amund the 
nozzle-cylinder junction f o r  torsional moment, MuN, on the nozzle. 

ORNL-DWG 73-2684R 
- ,  

EXTRAPOLATED 

Fig. 12. Variation of maximum principal stress ratios around the 
nozzle-cylinder junction for an in-plane moment, MZN, on the nozzle. 
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Fig. 13. Vazia t ion  of maximum principa,l s-tress ratios sround the  
on t'ne nozzle. 

XN' nozzle-cylinder junction for 8x1 in-plane force ,  r' 

Fig. 14. Varin.1;i .m of maxknm princfpal sLuess mt:i.os around t h e  
nozzle-cylind.er jimction for an axial. force, FyN, on the nozzle, 
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Fig. 15. Variation of ma;rbmm principal. stress ratios ail-ound the 
nozzle-cylinder junction for an out-of-plane force, PZN, on the  nozzle. 

ORNL-D'NG 73-2688R 

Fig. 16. Variation of maximum pri.ncipal stress r a t i o s  around t he  
nozzle - cylinde 1- j wnct ion  for  a .i; ors i o n a l  mom nt, , MXc, on the cylinder.  



-- INSIOC 1 -?-INSIDE 
CYLINDER 

NOZZLE 

Fig. 17. Variation of maximUm. principal s t r e s s  
nozzle-cylinder junction i'or an out-of-plane moment, 

ra7jios around the 
Myc, on the cyiirnder. 

ORNL-DWG 73-2690R 

Fig. 18. Variation of maximum principal s t r e s s  ratios around the 
on the  cylinder. nozzle-cylinder junction fo r  an in-plane moment, 
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- INSIDE 
CYLINDER 

Fig. 19. Variation of rnaximum pr ine ipa l  s-bress r a t i o s  around t h e  
nozzle-cylinder junction fox an a x i a l  force, FXC7 on t h e  cylinder.  

CRNL-DWG 73-2692R 

Flg. 20. Variation of maximum pr inc ipa l  s t r e s s  r a t i o s  aground t h e  
nozzle-cylinder junction f o r  an in-plane force, Fyc, on t h e  cylinder.  

nozzle-cylinder junction. It i s  pa r t i cu la r ly  s ign i f icant  t o  note that  

t h e  maximum s t r e s s  occurred i n  t h e  1ongitudi.nal plane of symnietry only 

f o r  the in t e rna l  pressure case, in-plane force and moment, and tors iona l  

moment on t h e  nozzle. 

t h e  t ransverse plane of symmetry or a t  an intermediate posi t ion between 

t h e  two planes of symmetry. 

For a l l  other  loadings, t he  maximum occurred i n  
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Fig. 21. Variation of m a h m  principal s t r e s s  ra%ios around the 
nozzle-cylinder junction fo r  an out-of-plane force, FZC, on the cylinder. 

3 .  FLNITE-ElXMEXT ANALYSIS 

3.1 Background I 

Thin-shell cylinder-to-cylinder inttersection problems have, i n  recent 

years, been it favorite with the s t ress  analyst. Their popularity stems 

not only from the common occurrence of such configurations i n  pract ical  

design, but also from the  challenge that they present as complex she l l  

analysis problems. I n  addition t o  t h e i r  use i n  piping and pressure ves- 

s e l  configurations, thin-shel l  cylinder-to-cylinder intersections occur 

i n  the petroleum industry, which uses tubular s t ructural  members exten- 

sively i n  off-shore o i l - d x t l l i n g  towers. 

intersection research, both eqerknental  and theoretical ,  that has been 

done was motivated by the off-shore oi l -dr i l l ing  tower application. The 

l i t e r a tu re  associated with the l a t t e r  application i s  reviewed i n  Ref. 9.  

Much of the cylinder-to-cylinder 

Both analyt ical  and numerical analyxes have been developed and ap- 

pl ied t o  thin-shel l  cylinder-to-cylinder intersection problems. 

Reidelbach” developed the f i rs t  analyt;ical solution fo r  two perpendicu- 

larly intersecting cylindrical  shells subjected t o  internal  pressure. 

Eringen’l-l“ and his eo-workers corrected some errors and approximations 

In lS1, 
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i n  Reidelbach's solutions and fomulated. a. solut ion i n  which the i n t e r -  

s e c t i o n  curve was  Epproximated- by a c i r c l e  # 

products of Qylmi fluzctions and 'tiankel functions of t h e  f i rs t  kind. A 
coll~ocation method was used whereby the  boundary conditions were sat is- 

f i e d  i n  a least-squares sense a t  selected boundary poirrts. 

'These solutions consisted of 

In 1969, I.I;Lmbemy and Jones'" used the method developed by Reidel- 

ba.ch and Eringen et al. to develop a so lu t ion  fo r  an in-plane bending mo- 

ment applted t o  t h e  nozzle of a, nozzle-to-cyli:nder configuration. 

1970, Maye and E~ingen'" developed a solut ion using Four-ies s e r i e s  involv- 

ing Beasel f-iinctions i n  place of t h e  Kryloy functions. In  1973, Hsns- 

berry ax14 

force applied t o  the  nozzle. A s  i n  the case of  e a r l i e r  solutions,  how- 

ever, %Idle nozzle diameter was l imited rela-kive t o  t h e  cylinder diane-ber. 

In  

expanded t h e i r  solution to include t h e  case o f  an axial 

In 1967, Bi j laard, Dohrma~m, and Wang'" formulated t h e  problem t o  

include the  case where the nozzle  and cylinder itre of equal diameter. 

indicated a solu-brion i n  t h e  form given by Fl.ugge fo r  el-wed. cylind.rica.1 

shel ls  e 

equations of Fluage and Donnel.1 tlmt i s  applicable t o  the e q y l - d i a w b e r  

case.  He compared his predict ions with the  experimental resul ts  obtained 

by Iii ley' f o r  a nozzle-di~~ter/cy~~nd~r-a~.,~eter r a t i o  of 1/2 e By care- 

ful. choice of some of the factors used i n  t h e  solution, he olotained pre- 

d ic t ions  t h a t  agreed reasonably we11 with experiment. 

They 

In 1969, Pan'' developed a numerical solut ion t o  the d i f f e r e n t i a l  

In  1968, Berx~mnn and Ca,m:pbell'o presented a fini.te-element she l l  

analysis  fozmulation using f l a t - p l a t e  elements, and as a sample problem 

they used the 1/2 diameter ratio model tes ted by Riley.G 

parj-sons show-%I were f o r  in te rmi l  pressure and indicated reasonadbly good- 

agreement between t h e o r y  and exprimeat. 

also presented a f l a t - p l a t e  finite-element shel l  analysis using the cyl- 

inder-to-cylindev in te rsec t ion  as 8 sample problem, 

progmm. was developed- under subcontmct t o  ORNL as 2 pall.% of t h e  ORNL B e -  

stressed Concrete Eeactor Vessel Program. 

Tae l imited com- 

In 1469, Prince and Rashid" 

Their she l l  analysis  

3.2 Finite-Element Method 
I 

The finite-element program used f o r  the  analysis of this model. was 

chosen as being reasonably representative of current ly  avai lable  and 



24 

widely used finite-element s h e l l  formulations. 'The program was developed 

a t  t h e  University of California, Berkeley, under t h e  d i rec t ion  of Profes- 

SOY R. W.  Clough. 

analysis  by Johnson22J23 and w a s  l a t e r  modified and adopted by Greste", 24 

f o r  t r ea t ing  the  "K" j o i n t s  of cy l indr ica l  she l l s  found i n  off-shore o i l -  

d r i l l i n g  towers. 

The or ig ina l  program was wr i t ten  f o r  general s h e l l  

The basic  elements used i n  the  program, shown i n  Fig.  22, are  non- 

planar quadr i la te ra l s  that are  b u i l t  uxi of an assemblage of four component 

t r i ang le s .  

and v are  assumed t o  vary quadratically over t he  plane of t he  t r iangle ,  

except t h a t  they a re  constrained t o  vary l inea r ly  along t h e  one ex ter ior  

edge. The resu l t ing  membrane elemenk, re fer red  t o  as a constrained l i n -  

ear  s t r a i n  t r i ang le  (GIST),  has two degrees of freedom (u  and v) a t  each 

of t he  f ive nodes. 

Within each component t r iangle ,  the in-plane displacements u 

The p la t e  bending port ion o f  the  component t r i ang le  elements has 

three  degrees of freedom a t  each of the three  corner nodes - two ro ta t ions  

about axes i n  the  plane of t h e  elenient and t h e  transverse,  o r  normal, d i s -  

placement w. The displacement expansion f o r  th i s  element i s  due t o  Hsieh, 

Clough, and Tocher,25 and the  element i s  referred t o  a s  t h e  HCT t r i ang le .  

Full compatibil i ty of displacements and slopes between t r iangular  element 

boundaries i s  achieved by dividing t h e  element i n to  three  subtriangles and 

CONSTRAINFI> I INFAFI S T P d l Y  > . . . . . .  
TRlANGUL4R MEMBRANE ELEMEhlT. 
U,Y ASSUMED TO VARY GIJADR4TICILLY I 

I " .  I I ' - E R I C  ELEMENT \ 
TRIANGULAR ELEMENIS) 

HSIEH. C I O U W .  TOCHER PLATE SENDING 
v = [ I . ~ . ~ . ~ ~ ~ ~ . ~ ~ J  I ELEMENT 

w ASSUMED ro vam c u w c A L L y  WITH 
O T ~  x.y WITHIN EACH SUB-TR1AYGL.E 

NT TRIANGULAR E L E M A T  
410 THREE SIJB-TRIDINGLFS) 

Fig. 22. Quadrilateral  element and component t r iangles .  
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assuming an independent cubic var ia t ion  fo r  w within each subtriangle. 

One of the  t e n  terms of t h e  general cubic i s  neglected i n  each subtriangle, 

so that i n  the  f i n a l  assembled component t r iangle  Vne normal slope var ies  

l i nea r ly  along each ex ter ior  edge. This feature  ensures slope compatibil- 

i t y  i n  the  resul t ing element system f o r  p la te  bending pro’olems. 

constants i n  the  three  cubic expressions f o r  w within the  t r iangular  e le-  

ment a r e  reduced t o  9 (and re la ted  t o  the  9 nodal degrees of freedom) by 

in t e rna l  compatibility considerations. 

nomial within each subtriangle, the  three components of curvature, and 

hence the .  bending and twisting moments, vary l inear ly .  

The 27 

With w varying as a cubic poly- 

The t o t a l  s t i f fnes s  (membrane plus bending) of t he  t r iangular  ele- 

ments t h a t  form t he  components of the  quadri la teral  i s  obtained by super- 

posi t ion of t he  p l a t e  bending element and the  membrane element. The man- 

brane plus bending s t resses  vary piecewise l inear ly  over the  surface o f  

the  resul t ing t r iangular  element. 

The quadri la teral  element s t i f fnes s  i s  obtained from tha t  of the four 

component t r iangles .  In  general, due t o  the curvature of the  she l l  that  

i s  being discretized, an a rb i t ra ry  quadri la teral  w i l l  be nonplanar. This 

introduces a complication i n  the transformation of t he  t r iangular  element 

s t i f fness ,  because on the  element l eve l  only two bending rotat ions per 

node a re  defined. When transfomned from the  element coordinates t o  some 

other coordinate system, a t h i r d  bending ro ta t ion  quantity i s  introduced, 

and i n  the  transformed system three  ro ta t iona l  degrees of freedom should 

be considered at each node. 

t i o n a l  degree of freedom also a r i s e s  i n  the subsequent assembly of the  

quadri la teral  elements i n to  the  t o t a l  s t ruc tu ra l  s t i f fness ,  sinc:: adjacent 

elements a re  generally not coplanar. 

t o  r e t a in  only two rotat ions per node i n  the  t o t a l  element assemblage. 

He argued t h a t  since the element plane i n  a suf f ic ien t ly  f ine  mesh l i e s  

close t o  the  she l l  tangent plane a t  each node, the rotat ions could be 

transformed from the element coordinates ( i n  the  plane of the  element) t o  

coordinates i n  the  s h e l l  tangent plane and the  small transformed compo- 

nent of bending rotahion about t he  norma,l t o  the she l l  could be neglected. 

This i s  perhaps a reasonable assumption everywhere except a t  the  junction 

of intersect ing she l l s .  

T h i s  consideration regarding the t h i r d  rota-  

In  h i s  formulation, Johnson22 chose 
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The s t i f f n e s s  formulation f o r  t he  quadxi la teral  element, as w e l l  as 

f o r  t h e  CLST membrane element am?. .the HCT p la t e  bending element, was sum- 

marized by Greste.' 

dom a,% each node: u, v, w, and the two ro ta t ions .  In  the  f i n a l  aSSeHlbled 

s t ructure ,  t he  f i v e  degrees of freedon per node are u, v, w, and the t w o  

ro ta t ions  about t he  s h e l l  tangent, coordinates a t  each node, 

71he quadr i la te ra l  element has f i v e  degrees of f ree-  

The t a s k  of t he  f i .ni te-elment  method i s  t o  detemLne the unlinom 

coef f ic ien ts  of t he  assmed element displacement functions fo r  u, v, and 

w. 

poinLs, t h e  corner nodes, and requiring conqmt;ibility o f  displacements 

and ro ta t ions  and equilibrium of forces and moments a t  these nodes. Un- 

fortunately,  when t h e  elements are assembled i n t o  a cuwed-shell  s t m c -  

t w e ,  compatibil i ty and equilibrizun are not completely achieved adlong %he 

element interfaces .  Thus there  are inherent; small e r ro r s  involved. How- 

ever, s tudies  by Johnson"2 have shown t h a t  there  errors are not too  s ig-  

n i f ican t  provided a s1lfficientl.y Tine elemeEt mesh i s  used. 

Tais i s  done by connecting the  quadr i la te ra l  elements a t  d iscre te  

There i s  an e r ~ o r  i n  intersect ing s h e l l  problems >jhl.ch i s  not dim2.n- 

ished by mesh refinement. This e r ro r  a r i s e s  from the  aforementioned ne- 

g lec t  of t h e  rotat ion about the she3.l. n o - m l .  At t h e  junction nodes i n  

t he  cylinder-ts-cylinder in te rsec t ion  probhm, there  are three  nonzero 

ro ta t iona l  compon.ents, but oilly two o f  these can be retained as nodal 

degrees of' freedom. Greste chase t o  define the tal?ge!it plane, and hence 

the  two ro ta t iona l  degrees of freedom, at the  junction nodes as t h e  cylin- 

d.er The rnannetlP ;.:a which he ';ren.l;ed. the junc1;ion nodes thus 

constrained t h e  nonua.1 r o t a t  ion about t h e  cyiindri12al shell. n o z m ~ L  Lo be 

zero at  the junction, 

strains t he  bending deformafiion of the adjacent riozzle. el.~merrts I 

9 

plane. 

This ro ta t iona l  constraint  umeali stica,ll.y con- 

T'nis constraint  did not grea t ly  a f f ec t  t h e  .anoJysis o f  ri.c?d,el 1, b1J.t 

its effect was sigriifieant i n  the analysis  of mod& 3. A problem arose 

i n  t h e  analysis  o f  model 3,  with i t s  small slend-ea. nozzle, L h a h  was not 

encountered i n  the analysis of model. 1 or i n  similar models wi t in  re la -  

tively large nozzles, 

forces and moments applied t o  t h e  end of the nozzle, i t  m s  found that 

t h e  membpane-type axial bending s t resses ,  whi-cl? should have been constaiit 

Ta the cases of t h e  in-pl-an? and- oixt-tn:f-plane 
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along t h e  nozzle, were diss ipated with distance from t h e  end of the  noz- 

z le .  Th5.s d iss ipa t ion  was t raced to t he  neglect of t h e  ro t a t iona l  de- 

gree of freedom about normals to t h e  nozzle surface and occurred i n  model 

3 because of t h e  r e l a t ive ly  large deformations of t he  mall slender noz- 

z l e .  This problem was  overcome by redefining t h e  neglected sixt'n degree 

of fxedom f o r  these loading cases.  

The d i f f i c u l t y  i s  i l l u s t r a t e d  by t h e  example problem shoTsm i n  Fig. 

23, i n  which the  nozzle of model 3 w a s  analyzed by f ix ing  a row of nodes 

near t h e  junction. '  

and t h e  nozzle was subjected t o  a bending nioment a t  t he  f r e e  end. 

d i s t r ibu t ion  of normalized bending s t r e s s  i n  t h e  outer w a l l  of t he  nozzle 

i s  shown i n  Fig. 23 for t h ree  d i f fe ren t  analyses. Al.so shown i s  the  pre- 

dicted s t r e s s  based on simple beam t'neory with 1 = m"h and c = a, where 

a i s  the radius of t he  midsurface and h i s  t h e  nozzle thickness.  

The mesh shown i n  Fig. 24 f o r  %he nozzle was used, 

The 
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Fig. 23. Example problem demonstrating e f f e c t s  of negl.ecting compo- 
neiit of bending ro ta t ion  about nomals t o  t h e  surface o.F a slender nozzle, 



The middle curve i n  Fig. 23 was obtained w i t h  the component of bend- 

i n g  rotat ion about normals t o  the  nozzle surface neglscted. 

glected rotat ions a re  s r n a l l  and a re  i n  e f fec t  s e t  t o  zero i n  the  a s s a b l e d  

s e t  of equations. 

ments be imposed a t  each node t o  maintain zero bending rotat ion.  These 

small constraints combine t o  counteract a porbion of t he  applied moment 

and r e su l t  i n  the  decrease i n  membrane bending s t r e s s  depicted i n  Fig. 23. 

These ne- 

Overall equilibrium implici t ly  requires t h a t  small mo- 

To i l l u s t r a t e  t he  dependence of these nodal constraints on the  de- 

f lec t ion  of t he  nozzle, the  problem w a s  reexamined using a reduced elas- 

t i c  modulus f o r  a section near the  fixed end. 

duced by the  applied moment w a s  thus increased, and the bending moment ms 

dissipated more rapidly as shown by the  left-hand curve i n  Fig. 23. 

The nozzle deflection pro- 

The problem was  overcome by redefining the  neglected degree of f ree-  

dom i n  the  nozzle.’ Rather than se t t ing  the rotat ions about normals equal 

t o  zero, t he  rotat ions about l i n e s  p a r a l l e l  t o  the  nozzle axis were se t  

equal t o  zero i n  the  f i n a l  assembled se t  of equations. 

zero bending rotat ion about l i nes  p a r a l l e l  t o  t he  nozzle axis  i s  reason- 

able and i s  equivalent t o  the  assumption, often made i n  analyzing the lo-  

c a l  bending i n  cyl indrical  shel ls ,  tha t  changes i n  curvature i n  the  hoop 

direct ion are  negligible compared w i t h  those i n  the a x i a l  direct ion.  

Bailey and Hicks,26 f o r  example, made the  l a t t e r  assumption i n  examining 

the  e f fec ts  of a bending moment applied t o  the  nozzle of a nozzle-to- 

spherical-shell  at-baehment e With t h i s  modification, the membrane bending 

moment remained constant, as shown by the right-hand curve i n  Fig. 23. 

This modification w a s  used i n  the  analysis of t he  in-plane and out-of- 

plane forces and moments on the nozzle. 

Tne assumption of 

In conclusion, two  s ignif icant  points should be made. F i r s t ,  even 

though a computer program may be checked fo r  some geometries and condi- 

t ions,  there  can be other cases for which. it does not function proper1.y. 

Thus, s t m c t u r a l  analysis programs must, be thoroughly validated f o r  the 

range of parameters Over which they are  expected t o  apply. Second, t he  

problems introduced by considering only f ive  degrees o f  freedom per node 

could be eliminated by retaining s ix  degrees of freedom i n  the f i n a l  

assembled equations. However, f o r  large systems, t he  f ive  degrees of 
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freedom per node has a d i s t i n c t  advantage from t he  standpoint of economy 

of computer time, 

3.3 Finite-Element Ideal izat ion of Model 

The finite-element representation chosen f o r  model 3 i s  depicted i n  

Fig. 24, which shows developed views of one-half of t h e  nozzle, cylinder, 

and end p la tes .  It was  necessary t o  consider only one-half of t h e  stmc- 

t u r e  because of symmetry considerations. I b i s  mesh layout was developed 

ORNL-OWG 71-3056 
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manual-ly and was arranged so  t h a t  l i n e s  of nodes corresponded to t h e  l i n e s  

of s t r a i n  gages i n  the  experimental model. 

ing i n  approximately 4500 l i n e a r  algebraic simultaneous eqmtions t o  be 

solved fo r  t h e  unknown displacement parmeters .  

t h e  (ha l f )  junction l i n e  between the  nozzle and t h e  cylinder.  

loading cases considered experimentally were analyzed using t h i s  mesh, 

and the theo re t i ca l  predict ions were comyared with the experimentally de- 

termined s t resses  (Chap. 11). 

There were 993 nodes, resu l t -  

There were 25 nodes along 

All 13 

Seven of t h e  1.3 loadings - pressure, axial forces  on cylinder and 

nozzle, and in-plane moments and forces  on cylinder and nozzle -produce 

behavior t h a t  i s  theo re t i ca l ly  symmetric about t h e  longi tudinal  plane of 

symmetry of Yne model. For these symmetric loadings, it i s  correct  t o  

consider just one-half of t h e  model i n  t h e  finite-element representation. 

Tie boundary conditions on nodal displacenents and rotat ions are  those 

commonly associated with symmetry conditions. 

For t h e  remaining s i x  Loadings - out-of-plane moments and forces  on 

cylinder and nozzle and to r s iona l  moments on cylinder and nozzle - asym- 

metric conditions ex i s t ,  and t o  consider just one-half 02 the model .in 

t he  finite-element representation requires assumptions, or  approximations, 

i n  e s tabl ishing nodal d i  splacment and r o t a t  Tom1 boundary conditions. 

Basically, t h e  bowrdary conditions used were based on tine assumption t h a t  

Yne project ion on the  X-Y plane (see Fig. 2)  of t h e  boundaly remained 

f ixed in t he  X-Y plane. 

Y direct ions and the  ro ta t ion  ahout the  Z axis weye assumed t o  be zero 

f o r  the  nodes along the  boundary i n  the  X-Y plane. 

t i ons  are obviously not s t r i c t l y  correct,  they nonetheless seem t o  be rea- 

sonable assumptions t h a t  a re  usef'ul fo r  reducing t h e  s ize  of t h e  problem 

t o  be solved. 

In  other words, t he  displacements i n  t h e  X and 

Although these condi- 

The theo re t i ca l  predictions,  based on the  finite-element layout shown 

i n  Fig. 24, are compared i n  Ynis chapter w i t h  experbm-rKi.ly determined 

d is t r ibu t ions  f o r  a l l  1.3 loading cases ~ The theo re t i ca l  and experimental 

s t r e s s  d i s t r ibu t ions  along t h e  f ive  gage l i n e s  on t h e  cylinder and nozzle 
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Fig. 26. Measured and predicted s t r e s s  dis t r ibut ions at 180" for 
i n t e rna l  pressure of 300 ps i .  

t h e  longitudinal plane of symmetry (see Figs. 3 and 4.). 
shown as a f'unction of distance from the  junction of nozzle and cylinder 

midsurfaces. The heavy l ines  are  the  predicted stresses,  while the  f ine  

l i nes  through the experimental points show t h e  measured dis t r ibut ions.  

Tlie sol id  l i nes  i n  each case represent the transverse s t resses ,  which a re  

perpendicular t o  the  gage l i nes .  

tud ina l  stresses,  which are p a r a l l e l  t a  t he  gage l ines .  Thus, we can com- 

pare the  solid l ines  w i t h  each other and the  dashed l i nes  with each other. 

The s t resses  are  

The dashed l i nes  represent the longi- 
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The agreement between theory and experiment i s  good i n  Fig. 25, ex- 

cept t ha t  the s t resses  a t  the junction, where the  maximums occur, are  a t  

times underestimated somewhat by the finite-element predictions. How- 

ever, the  general shape and dis t r ibut ions of the s t resses  are well pre- 

dicted by the theory. 

'The remaining in te rna l  pressure comparisons (Figs. 26 through 29) 

are  arranged t o  f a c i l i t a t e  ready comparison of comparable resu l t s .  

ure 26 shows the  s t resses  along the  180" gage l ine,  which i s  opposite the 

Fig- 
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0" gage l i ne  i n  the  longitudinal plane of symmetry. Because of symmetry, 

the s t resses  along the  180" gage l i n e  a re  almost t h e  same as those along 

t h e  0" gage l i n e  shown i n  Fig. 25. Comparison of the two f igures  shows 

excellent agreement between r e su l t s  f o r  opposite sides of the nozzle i n  

the  longitudinal plane of symmetry. 

metry (see Figs. 3 and 4) a re  shown i n  Fig. 27. 

sults f o r  the  315" gage l ine ,  which i s  i n  the fourth quadrant. 

between theory and experiment i s  a s  good here as for t he  previous two f ig-  

ures. 

The r e su l t s  f o r  a gage l i ne  4 5 O  from the  longitudinal plane of sym- 

Figure 27 shows the  re- 

Agreement 

The in te rna l  pressure loading r e s d t s  fo r  the  270 and 90" gage l ines ,  

i n  t he  transverse plane of ,symmetry, a re  shown i n  Figs. 28 and 29 respec- 

t i ve ly .  Here the agreement between theory and experiment i s  re la t ive ly  

poor on the  transverse plane. However, sitice the  s t resses  a re  low, the 

disagreement i s  perhaps not t o o  s ignif icant .  The overall  agreement be- 

tween theory and experiment i s  generally good. 

The method used t o  determine the estimated maxirnm experimental 

s t resses  and s t r e s s  r a t i o s  was described i n  Sect. 2.5. The inaxirnuntheo- 

r e t i c a l l y  predicted s t resses  were obtained i n  the  same manner; t ha t  is, 

they were taken as the  largest  absolute values of the pr incipal  s t resses .  

To match the  experimental maximums, the  search f o r  the theore t ica l  maxi- 

mums was l imited t o  gage l ines  onLy. 

The maximum experimentally determined s t r e s s  occurred on the  inside 

surface of the nozzle a t  O ' ,  and the  maximum s t r e s s  r a t i o  was 2.5. 

theore t ica l  maximum s t r e s s  was on the  outer surface of the  nozzle a t  0", 

arid the maximum s t r e s s  r a t i o  was 2.3. 

The 

4.2 Gut-of-Plane Moment Loading, G, on Nozzle 

The mea,sured and predicted s t r e s s  dis t r ibut ions for an out-of-plane 

moment loading of 800 in . - lb  applied t o  the  nozzle are  shown i n  Figs. 30 

through 34. 

ner as f o r  the  in te rna l  pressure case, although the  fourth and second 

quadrant r e su l t s  are not theore t ica l ly  the same. 

Hesults f o r  t he  f ive  gage l i n e s  are  arranged i n  the  same man- 
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The r e s u l t s  i n  Figs. 30 and 31 are  f o r  0 and 180", respectively, i n  

A s  expected, t he  s t resses  are small t he  longi tudinal  plane of symmetry. 

since these locat ions a re  somewhat analogous t o  t h e  neutral  axis of a 

bemi i n  bending. 

t he  longitudinal plane of symmetry, a re  shawn i n  F ig ,  32. 
t i o n  the  s t r e s ses  a re  larger, and t h e  agreement between theory and experi- 

ment i s  very good. 

The r e s u l t s  f o r  %he 315" gage l ine ,  which i s  45" from 

A t  t h i s  l o a -  
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The r e su l t s  for  the  270 and 90' gage l ines ,  which are  located i n  the 

transverse plane of symmetry, a re  shown i n  Figs. 33 and 34 respectively. 

Here the stresses are  a maximum, and the  agreement between theory and ex- 

periment i s  very good. 

surface of t he  cylinder and i s  closely predicted by the analysis.  

The maxirnum experimental s t r e s s  i s  on the  outer 

The maximum experimentally determined pr incipal  s t r e s s  r a t i o  was 5.0, 

with the maximum s t r e s s  occurring on the outer suyface of t h e  cylinder a t  

the  junction on the 270" gage l ine .  The theore t ica l  maximum was on the 
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outer  surface of t h e  nozzle a t  t he  junction on the  270" gage l ine ,  and t h e  

maximum stress r a t i o  was '7.3. 

4.3 Torsional Moment Loading, %, on Nozzle 

The measured and predicted s t r e s s  d i s t r ibu t ions  f o r  a to r s iona l  mo- 

ment loacling of 2hOO in.-1% applied t o  the  nozzle are  shown i n  Figs. 35 

through 39. A s  i n  t h e  previous case, t h e  fourth and second quadrant re -  

su l t s  are not t heo re t i ca l ly  the  sane. Here the eqe r imen ta l  s t r e s ses  i n  

t h e  longi tudinal  and transverse planes of  synmetry a.re low and r i s e  t o  

t h e i r  maximum leve l s  on t h e  intermediate gage l i n e .  

s t resses  along t h e  in t emed ia t e  gage l ine ,  which 3.s 45" around from t h e  

longi tudinal  plane of symmetry, i s  sham i n  Fig. 37. Here t h e  agreement 

i s  very poor. In  general, t h e  d is t r ibu t ions  show v e r y  poor quant i ta t ive 

agreement between theory and experimental resul-ts. 

The d i s t r ibu t ion  of 

The maximum experimentally deterniined s t r e s s  r a t i o  w a s  1.7, with the  

maximwn s t r e s s  located on the  outer surface of t h e  nozzle a t  t h e  junction 

on the  0" gage l i n e ,  

surface of t h e  nozzle a t  t h e  same location, and the  maximum theore t i ca l  

s t r e s s  r a t i o  w a s  0.6. 

The m a x i m u m  th.eoretica1 s t r e s s  was also on the  inner 

4.4 In-Plane Moment LoaFiing, on Nozzle 

The measwed and predicted s t r e s s  d i s t r ibu t ions  for an in-plane mo- 

ment loading of 1200 in. -Ib applied t o  t h e  nozzle are shown i n  Figs 

through 44. 
metry, as shown i n  Figs.  k0 and 41, a n d  tine agrement between theory and 

experiment; is very good f o r  tile gage l i n e s  i n  %he longi tudinal  plane of 

synlnle t ry . 

40 
Here t h e  s t r e s ses  a re  I.a.rge i n  the  longitudinal. plane of sym- 

The s t resses  aTe lower along t h e  gage l i n e  45= around from t h e  longi-  

tud ina l  plane of symmetry. 

s t r e s ses  axe very low, as  shown i n  Figs.  43 and Ich.  For t h i s  loading the  

transverse plane is  soxiewhat similar t o  the neutral. axis o f  a beam, 

In  t h e  transverse plane of symnet ry  t he  
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The maximum expe rben ta l ly  determined s t r e s s  r a t i o  w a s  3.7, with the  

maxi rnwn s t r e s s  occurring on t h e  outer  surface of t he  cylinder a t  t h e  junc- 

t i o n  along t h e  0" gage l i n e .  

t h e  outer  surface of t h e  nozzle at t h e  junction along the  0" gage l i n e ;  

t he  s t r e s s  r a t i o  was  5.6. 

The maximum theore t i ca l  s t r e s s  occurred on 

4.5 In-Plane Force, Fm, on Nozzle 

'The in-plane force applied t o  the nozzle had a value of 120 lb .  The 

comparisons of theory and experiment f o r  t h e  eight  gage l i n e s  are  shown 

i n  Figs.  45 through 119. 
case of t he  in-plane bending moment on the  nozzle, and t h e  overa l l  agree- 

ment i s  very good. 

The r e s u l t s  here a re  very similar t o  the  previous 

The maxbum experimentally determined stress ( r a t i o  of 4.4) occurred 

on the  outer surface of t he  cylinder a t  t h e  junction along the  0' gage 

l i ne .  The m a x i m u m  theo re t i ca l  s t r e s s  occurred on t h e  outer  surface of 

t h e  nozzle a t  t h e  junct ion along the  0" gage l i n e ;  t h e  r a t i o  was 6.2. 

4.6 Axial Force, Fm, on Nozzle 

The comparisons of theory and experiment for  an ax ia l  force of 500 

l b  applied t o  the  nozzle are  presented i n  Figs.  50 through 54. 
ment between theory and experiment i s  very good, pa r t i cu la r ly  as the  la rger  

s t r e s s  l eve l s  a re  approached on t h e  transverse plane of symmetry (Figs. 

The agree- 

53 and 54). 
The experimentally determined maximum s t r e s s  occurred on the outer 

surface of t h e  cylinder on t h e  270" plane a t  the junction; t h e  r a t i o  was 

17.2. The theo re t i ca l ly  determined maximUm stress occurred on the  outer 

surface of the nozzle on t h e  270° gage l i n e  a t  the  junction; t he  r a t i o  w a s  

19.4. 

4.7 Out-of-Plane Force, FzN, on Nozzle 

The comparisons of theory and experimental data f o r  an out-of-plane 

force of 80 lb applfed t o  the  nozzle a re  presented i n  Figs. 55 through 

59. These results are very s imilar  t o  those f o r  t h e  out-of-plane moment 
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on .the nozzle, and the  overal l  agreement between theory and experiment i s  

again good. The s t resses  are very s m a l l  on the  0 and 180" gage l ines ,  and 

the  agreement naturally does not look as good as along other gage l i nes .  

The experimentally determined maximum s t r e s s  r a t i o  was  6.6 wit'n the 

mximum s t r e s s  occurring on the  outex. surface of the cylinder along the 

2 ' T T ) O  gage l i ne  a t  the  jimcti.on. 

s t r e s s  ( r a t i o  of 8.1) occurred on the outer surface of tile nozzle along 

the F/O" gage l i ne .  

The theore t ica l ly  determined maxbnwn 

4.8 Torsional Moment Loading, MXc, on Cylinder 
...._. --_.I_ 

"he comparisons of thenry and eqeriment for  a tors iona l  moment of 

40,000 in . - lb  applied t o  t he  cylinder a re  presented i n  Figs. 60 through 

64. 

and transverse planes of symmetry and rise t o  t h e i r  mxi rnu  leve ls  011 the  

intermediate gage l i ne .  The agreement between theory and expei*jmerrk i s  

sat isfactory on the  intermediate l i ne .  However, the  s t resses  a re  not very 

large anyw1ie.r.e in the  model. 

In general-, %he experimental stresses are l o w  i n  the longitudinal 

!The experimentally determined maximum s t r e s s  occurred on the inner 

surface of the  cylinder along the  315" gage l i ne  at the junction, and the 

maximum s t r e s s  r a t i o  w a s  2.5. 

occurred on t h e  outer surface of the  nozzle along the  180" gage l i n e  a t  

the  junction, and the  maximurn s t r e s s  r a t i o  was 5.6.  

The theore t ica l ly  detemined maximum s t r e s s  

4.9 Out-of-Plane Moment Loading, P%c, on Cylinder 

The comparisons of theory and experiment f o r  an  out-of-plane moment 

loading of 40,000 in . - lb  a-pplied t o  the  cylinder are  presented i n  Figs. 

65 through 69. 
of symmetry a re  analogous t o  the neutral  -is o f  a beam i n  bending, and 

t h e  s t resses  are  thus low. Huwev?r, the s t resses  are not very large any- 

wllere i n  the  model. A s  a r e su l t  o f  the  re la t ive ly  low s t r e s s  levels,  t he  

Here the  0 and 180" gage l i nes  on the longitudinal plane 



s t r e s s  d i s t r ibu t ions  are not t oo  well  defined on the  0, 180, and 315" gage 

l ines ,  and the agrement between theory and. experiment aFpears to be rela- 

t i ve ly  poor, 

the  a.greernent between theory and experbent  i s  good. 

However, on the gage l ines  of r m i m u i n  s t r e s s  (270 a,ncl. 90" )  

The expeTimenta1l-y det,err.n;ined .max.imZam stress ( r a t i o  of 1 . 2 )  occurred. 

The theore t i -  on tlic outer su.zTace of the  cylinder along the 270' plane 

cal  maximrm stress r a t i o  (1.1) occurred on t h e  outside surface o f  t he  mz- 

z ~ e  at the  junction on the 0' gage l i ne .  

4.10 In-Plane Moment Loading, MZc, on Cy1i.nder 

" h e  comparisons o f  theory and eqerirfient f o r  an in-pl.arre 

ing  of k1,OOO in.-lb applied t o  the cylindei- are  presented i n  

through '74. 

traiisvevse plane of symmetry, as sliown in Figs. '73 and 71.1- The coirn-pa,ri- 

sons on the  cylinde?: were good, while those on the  nozzle were fair ,  

Here the  experimental s t r e s s  leve ls  are a maximum in the  

The experimentally determined r r ~ i m n u l l l  stress ( ra t io  of 3 . 2 )  occurred 

011 the inside surface of the  nozzle a t  the  junc-Lion on the  270' gage l ine ,  

while the theore t ica l  maxbnuri s t r e s s  ( ra t io  of 2.5) occurred on the  inside 

surface of t he  nozzle both on -ME 90 a.nd 270' gage l ines .  

4.11 Axial Force, Fxc, on Cylinder 

Tlie a x i a l  force appli.ed t o  the cylinder had a value of 10,000 lb. 

The comparisons o f  theo-ry and experiment f o r  t h e  f ive  gage l i n e s  are  pre- 

sented i n  Figs. 75 through 79. 

s t r e s s e s ,  the agreeriient betwecn theory and experiment i.s poor, since only 

along a few gage l i nes  i s  tile agreement sat isfactory.  

Even considertng the  re la t ive ly  l o w  

The experimeiitally detemined maximVra s t r e s s  occurred. on tine inner. 

surface of the  cylinder at t he  junction on the  270" gage l ine ,  w h i l e  the  

theo re t i ca l  maximum stress occurred on the inner surface of  the nozzle a t  

the  junction on the  270 and 90" planes. The experimental and theore t ica l  

s t r e s s  r a t io s  TtierE: 2 . 5 .  



4.12 In-Plane Force, Fyc, on Cylinder 

The comparisons of theory and experiment f o r  an in-plane force of 

The 3000 Lb applied t o  t h e  cylinder a re  shown i n  Figs.  80 through 84. 

agreement between theory and experiment i s  very good f o r  t h i s  loading 

case. 

Both t h e  experimentally determined and t h e  theo re t i ca l ly  detemnined 

maximurn s t r e s ses  occurred on the  inside surface of t he  nozzle a t  t he  junc- 

t i o n .  m e  experjmentalmaximum was on the  270" gage l ine,  while t h e  theo- 

r e t i c a l  maximum w a s  on both the 270 and 90" gage l i n e s .  

perimental s t r e s s  r a t i o  w a s  3.5, and t h e  maximum theore t i ca l  r a t i o  was 

2.6. 

The maximum ex- 

4.13 Out-of-Plane Force, FZC, on Cylinder 

The cmparisons of theoiy and experiment f o r  an out-of-plane force 

of 3000 l b  applied t o  the  cylinder a re  shown i n  Figs. 85 through 89. 
0 and 180" gage l ines ,  i n  t h e  longitudinal plane of symmetiy, a r e  analo- 

gous t o  the  neutral  axis of a beam, so t h a t  t h e  stresses a re  l o w  along 

these gage l i nes .  However, they bui ld  up f o r  t h e  other gage l ines ,  and 

t h e  agreement between theory and experiment i s  vezy good along gage l i n e s  

90 and 270". 

The 

The experimentally determined maximum s t r e s s  occurred on t h e  outer 

surface of t h e  cylinder along t h e  270" gage l i ne ,  and t h e  theo re t i ca l  m x -  

imum occurred on t h e  outer surface of the  nozzle along the  315' gage l i n e .  

The r a t i o s  were 1.3 and 1 .5  respectively.  
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5 .  CONCLUSIONS 

Table 2 represents an attempt t o  s m a r i z e  the  pr inc ipa l  f indings of 

t h i s  study i n  t e r n s  of maximum pr inc ipa l  stm?ss ra t io s ,  locations of maxi- 

mu11 p r inc ipa l  s t resses ,  and the  r e l a t ive  overa l l  agreement between theory 

and experiment f o r  each loading case. 

on the  s t resses ,  e i t h e r  measured or  predicted, along the  fl.1-e l i n e s  of 

s t r a i n  gages only and were determined by dividing the  maximum absolute 

pr inc ipa l  s t r e s s  value by a nominal membrane s t r e s s  value as previously 

described.. The maxirnwii exper-imental p r inc ipa l  s t resses  were determined 

by extrapolating t h e  e.qerimentally determined s t r e s s  d i s t r ibu t ions  t o  

peak s t resses  a t  t h e  junction i n  a11 but two cases.  

Tine maximwn s t r e s s  r a t i o s  a re  based 

The r e l a t ive  overa l l  agreement between the  finite-element predictions 

and the  experimental r e s u l t s  i s  ra ted  i n  the  t a b l e  a s  excellent,, good, 

f a i r ,  or poor. Tnese ra t ings  are,  of c o u ~ s e ,  a matter of opinion, but an 

attempt w , w  made t o  make an unbiased evaluatton by basing them on both the  

oveml l  qua l i ta t ive  agrement along the  gage l i nes  and on t h e  quant i ta t ive 

agreement i n  areas  where t h e  s t resses  were r e l a t ive ly  high. 

Table 2 indicates  t h a t  generally t h e  experimentally determined maxi- 

mum stress r a t i o s  and those based on finite-element predictions are i n  

good agreement. rRwtliermore, t he  degree of agreement between the  s t r e s s  

r a t i o s  generally coTrela,tes well  with the  r e l a t ive  ra t ings  of t he  overa l l  

agreement between theory and experiment. Generally, t h e  agreement w a s  best 

fo r  cases involving loadings on t h e  nozzle; however, f o r  t he  tors ionalmo- 

ment on t h e  nozzle, t he  agreement was poor quslTtatively and quant i ta t ively.  

I n  all but two loading cases, t h e  maximum experimental s t r e s s  occurred 

a t  t he  junction of t he  nozzle and cylTnder. 

an out -of-plane moment, MyC, on t h e  cylinder, where t h e  maximum occurred 

on t h e  outside surface of t he  cylinder a t  approximately 9' (around a t  the  

s ide of the  cylinder) along the  transverse plane. The s t resses  on the  in-  

s ide surface of t h e  cylinder were, however, almost as high a s  those on t h e  

outer  surface.  The other  exception w a s  t'ne out-of-plane force, 

t h e  cylinder, where the  maximum occurred on the  outside surface of t he  

cylinder a t  approximafx9.y 90° around on the  transverse plane.  

One exception was the  case of 

on %C' 



Table 2. Sunnnary of mimm s t re s s  r a t io s  and locations 

Experinentally determined Tkeoxetical maxilaurn Overall agree- 
maximun s t ressa  stress merit between 

b 
Loading case theory and 

Locat ionC Stress  r a t i o  Locat ionc experiment 
b Stress  ra%io 

Internal pressure 

Mm, out-of-plane 
mment on nozzle 

Mn-, tors ional  mo- 
ment on nozzle 

h, in-plane moment 
on nozzle 

Fm, in-plane force 
on nozzle 

Fm, axial force on 
nozzle 

Fm, out -of -plane 
force on nozzle 

Mxc, to rs iona l  moment 
on cylinder 

Myc, out-of-plane 
nment on cylinder 

MZC, in-plane moment 
on cylinder 

FXC, ax ia l  force on 
cylinder 

Fyc, in-plane force 
on cylinder 

Fzc, out-of-plane 
force on cylinder 

2.5 
5.0 

1.7 

3.7 

4.4 

17.2 

6.6 

2-  5 

1.2 

3.2 

2.5 

3.5 

1.3 

Inside nozzle, 0" 

Gutside c y l h i e r ,  Z7O0 

Outside nozzle,, 0" 

hts iae  cylinder, 0" 

Outside cylinder, 0" 

h t s i d e  cylinder, 270" 

Outside cylinder, 270" 

Inside cylinder, 315' 

Outside cylinder, 270" 

Inside nozzle, 270" 

Inside cylinder, 27QG 

k s i d e  nozzle, 270" 

d 

jh1kSkj.P ryIir;der, 27C1° 

2.3 

7.3 

C . 6  

5.6 

6.2 

19.4 

8.1 

5.6 

1.1 

2.5 

2.5 

2.6 

1.5 

Outside nozzle, 0" 

Outside nozzle, 270" 

Inside nozzle, Q" 

Outside nozzle, O* 

&%side nozzle, 0" 

outside nozzle, 270" 

Gutside nozzle, 270" 

Outside nozzle, 1W0 

h t s i d e  nozzle, 0" 

Inside nozzle, 270" 

Inside nozzle, 270" 

Inside nozzle, 270' 

@utside nozzle, 31.5" 

Good 

Excellent 

Poor 

Excellent 

Excellent 

Good 

Good 

?oor 

Fair  

Fair  

foor 

Good 

Fair  

t-J 
0 
W 

__ 
!Based on extrapolation of experimental dis t r ibut ions t o  a maximum a t  the  junction. 

bRatio of maximum absolute pr incipal  s t r e s s  value t o  nomi& s t r e s s  value. 

%.ximums all occurred at the junction. 

%taximum not a t  j u t i o n ;  a t  approximately 9" around on the  transverse plane. 
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In  8 of t he  13 cases, t he  maximim experimental values occurred i n  the  

transverse plane of symmetry, while 4 cases produced maximwn experimental 

s t resses  i n  the  longi tudinal  plane of symme-try. The tors iona l  moment on 

t h e  cylind-er produced maximum experimental s t resses  at a point intermedi- 

a t e  t o  the  two planes of symmetry. 

values occurred i.n the transverse plane, while 6 occurred i n  t he  1ongitudj.- 

na l  plane, 

re'cical s t resses  a t  a point intermediate t o  the  t w o  planes of symmetry. 

In  6 out o f  3.3 cases the  theo re t i ca l  

The out-of-plane force on t h e  cylinder produced maxiHiwn theo- 

Final-Ly, it should be pointed out; t ha t ,  as would be e,upected, t he  

out-of-plane moment and force loadings on t h e  nozzle produced quite simi- 

l a r  resu l t s ,  a s  did t h e  in-plane moment and force loadings. The s t r e s s  

d i s t r ibu t ions  were very s imilar  f o r  each pair ,  and t h e  maximum s t r e s s  ra- 

t i o s  were very close,  

I n  conclusion, t h e  comparison of these finite-element predictions 

with t h e  exper2nemtal r e su l t s  shows reasonably good agreement. It i s  f e l t  

t ha t  t h i s  analysis would be sa t i s fac tory  for most engineering purposes. 

It should be pointed out t h a t  t he  nozzle wall i s  th i ck  (do/% = 7.68) 

and wel l  outside the. range of t h i n  she l l s ;  therefore,  a t h in - she l l  analy- 

s is  cannot be expected t o  give accurate r e s u l t s  i n  a l l  cases, parbicular ly  

close t o  the  junction on the  nozzle. Howevex-, t h e  r e su l t s  a re  sa t i s fac-  

tory.  Tile r e s u l t s  would be improved by the  inclusion of t he  s ix th  degree 

o f  freedom, a t  l e a s t  i n  t h e  junction region. 
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Appendix 

TASULATION OF E X P E K ~ W I J  DAW 

, 

For the benefit  of  the reader who would like t o  compare these e q e r i -  

mental data with h i s  uwn analysis tec-miques, the data on which the var i -  

ous p l o t s  i n  t h i s  repoi% were based are  given i n  Tables A . l  through A . 1 3 ,  

Data are tabulated f o r  each loading case f o r  each operable roset te .  These 

data were obtained from the  several sets of data taken i s z  each case by the 
procedures described i n  Sect;. 2.4. 

The rose t te  l i s t i n g s  are grouped according to gage lines, For each 

rosette,  the three strain readings are l j s t e d  first, followed by the nor- 

mal stress transverse (perpendicular) to %he gage l ine ,  the n o m a  stress 

longitudinal (para l le l )  to the gage l ine,  the shear s t r e s s  (referred t o  

the gage l i n e  as a coordinate axis), mci the  maximum afid minimum prjnci-  

pa l  s t resses .  

s-tresses are i n  pounds per square inch. 

The strains  are given in microinches per inch, and %be 

The noziienclature used t o  identify and locate each roset te  can be ex- 

plained by considering the following smp?le designat ion: 



Ros e t  1; e 
des igna t i  on 

G 
E-I 
J 
K 
L 
M 
N 
P 
R 
s 
T 

D i  s t  a m  e from nozzle -cylinder 
junction (see Fig.  3) 

~ ~ _ I - -  ( i n .  ) 

7/8 

1 1/2 
1 

2 

3 
4 
> 
6 
7.85 
LO 
1-5.7 

Ln every case, the rose t tes  were positioned an t h e  gage l i n e s  so  t h a t  

t he  l eg  of the  Y lay along t h e  gage l i n e  and pointed. away f i o m  t he  nozzle- 

cylindel: ejunction. 

Fig. 7. The l eg  of t h e  Y i s  designated as gage 1 i n  the  tabulations,  with 

gages 2 and 3 bei.ng numbered from 1. i n  t'ne cownterclockc.rjse direct ion.  

Finally, in cases where nonlinearity o r  drift  was excessive or  where 

an  individual ga,ge 0.r c i r c u i t  was othe.rwise obviously nalf 'unct ioniq,  t h e  

rose t t e  of which the  gage was a par t  was not used i n  t h e  f i n a l  r e su l t s  

p lo t ted  i n  t h i s  report; f o r  t h e  speci-fic loading wider consideratian.  

theless ,  these data  are l i s t e d  i n  the  tabulations,  but they a re  marked by 

an asterisk beside t h e  .rosette i~~unher.  

The convention used can be understood by re fer r ing  t o  

None- 



Table A. 1. Internal pressure 

INTERNAL PRESSURE (300 P S I )  

PIICRQ-STRBIN STRESSES PRZN STRESSES 
-_---------.., ----_e-- --a ---------- 

I -0 -C-3  
I-0-c-c 
I-0-C-D 
I-0-C-P 
I-0-C-R 
I-0-42-43 
I - 0-c-K 
I -0-C-E 
I-0-C-M 
I-0-4:-P 
a-6-c-s 

0-0-C-E3 
8- 0-4: -c 

0-0-c-n, 
0-8-c-ta 
0-0-c-P .I 

a-0-e-s 

-70 332 352 
-26 2 6 3  277 

96 230 2 4 9  
5 9  2 2 4  2 1 7  
73 2 0 1  199 
63 180 I 8 8  
52 1 7 1  1 9 2  
57 167 191  
43 174 183 
5 8  1-73 7 7 s  
41 782  1 ? ?  

1 0 3  9 
E? 0 

-w-D - l e  - - 98 
aa - - 1 g  
3 3  - - 9  
3 8 Q 6 
35  1 2  2 

O-Gf-W-ff 0 969 19 
0- Q-N - N 6 17 $ 6  

15108 
11893 
10506 
8634 
8719 
8019 
7940 
77 98 
7-75 2 
7667 
7724 

60394 
9266 
$454 
045 
6821 
6554 
6602 

3732 
1180 

-537  
185 
483 
819 

2 4 3 1  

3646 
4562 
4807 
4431 
39 34 
40 46 
36 29 
38 12 
31553 

2780 

6 7 8 5  
5738 
50 76 
4168 
32 36 
380 

3681 
3604 
5541 

- 2 6 8  

48-74 
3 3 2 1  
- 3 6 8  

5 23  

-274 15114 21025 

-246 10515 3638 
86 9635 Q 6 6 1  
18 8 7 1 9  4807 

-105 8022 4428 
-280 7960 3915 
-316 7824 4019 
-103 7 7 5 5  3627 
-67 7669 3311 
1ss 7 7 3 0  3548 

-178 t i a w  2776 

-123 10400 
-132 9266 
-103 8457 

32 8045 
-175 6 8 2 9  

108 6558 
- 3 3  6603 
3 8 6  6174 
69 67911 
97 6 6 8 0  

-130 666np 

6 7 8 2  
5733  
5073 
41148 
3277 
3376 
368 1 
3546  
3539 
3500 
3403 

4140 3319  
3 8 0 0  - 4 3 6  

-38  I982 529 

189 
- 33 
-19 - 28 
-53 - 26 

1 
-3  
18 

-7997 - 1345 
-82  
-894 
-539 

18% 
Q83 
2Q6 
395 
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I - 9 0 C - B  -36  
1-90C-6 25 
I-9cc-a 74 
I - 9 0 C - E  106 
IC-9OC-P 124 
1 - 9 0 C - R  193 

8-90C-B 0 
0-9OC-C 142 
0-9QC-D 952  
0 - 9 0 C - E  162  
0-9OC-P 179  
0 - 9 0 C - R  172 

I - 9 0 N - B  -30 
T-90W-C -16, 
I-90N-D* 18  
IC-90W-E* 19 
I-9BN-P 22  
I-90N-N* 5 

0-90N-‘B -94 
Q-90N-a= -112  
O - 9 0 8 - D  -98 
0-96N-E -67 
0-90N-P -48 
0- 90N- N* 5 

113 
98  
88 
82 
90 
75 

107 
154 
158 
134  
1 4 0  

73 

44 
10 

- 1 8  
- 6 2  

1 3  
- 3 4  

90  
62 
3 8  
3ra 
28 
15 

1 0 1  4743 

7 9  3585 
7 4  3323 
6 9  2863 
8 3  3245 

114  4844 
1 4 7  6464 
136 6302 
129 5610 
130  5716 

a 3  3951 

a3  3232 

4 9  2033 
2 5  7 97 

-80 -2189 
-97  -3509 

-1  239 
26  -184 

9 1  4067 
53 2647 
3 2  1646 
2 5  1357 
2 2  1160 

LONG ---- 
331 
19U8 
32 83 
4190 
4593 
6755  

1453 
6206 
6 4 6 1  
6540 
70 98 
6135  

-295 

-1 24 
-470 

7 18 
103 

-1609 
-2576 
-2453 
-1601  
-1 099 

-238  

SMEAR --- -- 
172 
193 
124 
109 

39 
-107 

- 92 
1 0 1  
293 

65 
132 

-149 

-52 
-205 

8 25 
466 
199 

-793 

-9  
127 
85 

1 1 4  
73 

0 322 2 56 199 

4750 32Q 
3969 1930 
3630  3239 
4203 3309 

6758 32U1 
4594 2862  

4 8 4 7  1 4 5 1  
6499 6 ? 7 1  
6685  6078  
6544 5606 
7111 5704 
6 1 4 2  3225  

2034 -296  
837 -278  
165 -2478 

-QO0 - 3 5 7 8  
798 168 
7 6 5  -846 

4067 -1609 
2650 -2579 
1647 -2455  
1362 - 1 6 0 6  
1162 -1101  
494 a8  



11 3 

1388C-B 
1180C-c 
I1 8QC-D 
I 1 8 O C - E  
118OC-F 
Tl8QC-S 

01 8BC-B 
0 t 80C-C 
01 8QC-D 
Ot8OC-e 
Ql8OC-F 
O18oc-s 

I180R-B 
I1 80W-C 
I180N-D 
11 8ON-E* 
17 8QN-F 
I180N-N 

0 1 8 Q N - B  
01 80N-@ 
0 18QN -D 
0180N-E 
0 1  80N-P 
0180N-N 

-47 
- 2  
26 
35 
6 0  
52 

1 Orl  
86 
7 7  
6 3  
5 4  
S 5  

-26 
9 1  

105 
77 
38  

4 

- 6 5  
-46 
-7 
23 
35 
6 

GBGE2 G A G E 3  TRANS LONG SHEAR S I G M X  SIGH8 
--e-_ 

312 
257 
240 
224 
2 14 
187 

1 9 8  
185  
179 
167 
171 
1 5 7  

280 
2 0 5  
142 

0 
108 
27 

69 
C 

-20 
- 1 6  

- 5  
18 

-..--- 
328 
274 
244 
231 
219 
1 7 8  

2 2 4  
1 9 2  
1 8 9  
171 
166 
1 48 

339 
234 
148 

9 3  
6 2  
13  

9 a  
3 

-22 
-20 
- 1 1  

17 

----- 
14132 
11680 
10602 
9976 
9467 
7973 

91 6a 
8180 

7338 

8903 
737Q 

6646 

13633 
9491  
6259 
1955 
3700 
876 

37 27 
1 1 1  

-912 
-8 25 

750 
-398 

---- 
2821 
3453 
3973 
4044 
4632  
3943 

5857 
50 20 
47 13 
4108 
3826 
3642 

33 13 
5570 
50 26 
2888 
2246 
396 

- 8 4 4  
-1351 

-489  
4 4 1  
9 27 
406 

-214 14137 
-219 11686 
-51 10602  
-92 9977 
-64 9467 
116 7976 

-351 9205 

-144 8069 
-54 7375 
62 7339 
119 6651 

-88 8182 

-775 13691  
-424 9536 
-74 6263 

-1236 3743 
622 3 3 3 0  
179 936 

-385 3760 - 37 112 
27 -Y07 
52 443 
79 93 1 
15 750 

-s--- 

2817 
3348 
3973 
4043 
463 f 
3939  

582 1 
5018 
4707 
4107 
3825 
3637  

3 2 5 5  
5525 
5021 
1100 
2016 

3 3 6  

- 876 
-1351 
-913 
-827 
-403 
40 5 



'Ta>hle A.1 ( con t inued)  

IZ'IQC-A - 
1278C"-B 
T27OC-C 
I 2 7 0 C - D  
r270c-e 
127 oe -F 
I 2 7 Q C - H  
I 2 7 QC - J 
127OC-M* 
I27OC-I4 
127GC-FI 
I27OC-E3 
E 27OC -R * 
I2 7 oc -T * 
0 2 9 B C - B  
629OC-c 
029OC-8 

0270c-F 
0270C-H 
027oc-s 
0270C-K 
0270C-E 
029OC-7f 
0 2 7 OC - P 
0270C-R 
0 2 7 O C - T  

a a 7 o c - ~  

7 0 8  118 9 3 4  
-32 120 1 1 5  
27 47 9 %  
78 36 8 2  
188 85 8 9  
?35 a2  -76 
1-71 e 5  7 2  
191 88 90 
I 8 6  15'1 92 
197 8 9  83 
199 9s 86 
189 a7 90 
21 1 0 85 

0 96 89 

165 177 967 
175 165 159 
787 163 158 

188 148 141 
185 139 129 
198 1 1 1  110 
1 9 4  97 103 
210 lolet 9 a  
2 0 1  9'8 99 
? 9 7  €!a 8 2  
194 84 a 4  
182 9 2  7 3  

187 160 150 

7364 
69411 
6843 
6607 
4145 
55 13 
4626 
eel87 
4132 
37QO 
3590 
3483  
3429 

-1534, 

2663 
3485 
42 89 
5OrSb 
61 03 
6823 
71 62  
67 85? 
6879 
6733  
6 %  14 
1238 

71 6'7 
7337 
7673  
7598 
7494 
7 1 9 1  
7339 
78 67 
7541 
714Y 
6990 
6872 
61698 

1270N-A -95  8 5  35 3841 -1697 
I270N-B 10 64 44 2360 999 
E27OH-@ 52 39 36 1450 1985 
I23 ON -B 50 17 13 616 1688 
TE238N-E 30 3 4 r; 15'7 9 56 
I270W-F 1 1  5 -1 T S  3 64 
Z27ON-w 0 23 31 1190 3 57 

0270N-B 
0270N-C 
0270N-D 
027ON-E 
8 2  7 ON -P 
0270N-6 
8270N-H 
0 2 7 O N - I C  
0270N-N 

- 9 8  
-115 

-96  
-72 
-45 
-25 
-19 

0 
5 

9 7  
59 
3 9  
L I  

26 
22 
22 
13 
17 

* -  

9 1  
6 1  
45 
28 
24 
22 
2 0  
14 
1 6  

4231 
2760 
1946 
1288 
1141 

989 
941 
574 
7 29 

-1658  
- 2 6 3 3  
- 2 3 0 1  
-1763 
-1094 

- 4 5 s  
-284 

180 
367 

-224 
6 3  
70 
45 
59 
78 

183 - 27 
852 

8 9  
916 
-47 

-8130  
89 

132 
84 
74 

1 Q P g  

105 
28 
18 

-877 
141 

38 
-145 

- 5  
2624 

7430 
'7 3 5 4 
7480 
7620 
7503 
7 9 9 2  
7340 
-7069 
9 S Q 6  
7145 
6996 
5 8 7 2  
6520 

1 5 @ 3  
5 9 %  

2059 
34Q5 
3 4 9 6  
3337 
3252 
3693 
4 9 3 0  
3 5 6 7  
3778 
3685 
1396 
1215 

7109 
6924 
6836 
6 5 8 6  
6136 
5513 
$ 6 2 6  
4185 
4127  
3 4 3 9  
3 5 8 4  
3 4 8 3  
3406  

-10 3841 -1697 
257 2Q06  952 
122 20'31 142a 

58 1691 6 1 3  
-23 957 156  
87 388 51 

-110 1204 343 

7 Y  4232 -1659 
-29 2761 -2633 
- 8 6  1948 - 2 3 0 2  
-95 1288 -1?53 
28 1141 -1015 
-3 989 -455 
15 941 -281 

-14 5 7 8  1-79 
8 729 367 



I N T E R N A L  PRESSURE 4300 P S I )  

I3I5C-8 
I315C-c 
I315C-D 
1315C-E 
I 3 1 5 C - F  
I 3 1 5 C - H  
I395g:-5 
93 15C-K 
T315C-& 
1315C-iY 
1315c-P 

831SC-B 
03 15c-c 
Q3lSC-D 
0315C-E 
c93 15C-F 
O315C-H 
8 3 1 S C - 9  
s315c-K 
0315C-k 
0315G-M 
0315C-F 

I315N-W* 

Q3151d-B 
03 15H -C* 
0315Pa-D 
831SN-E 
0315M-F 
Q31SB-G 
03 ISH-M 
03 .% 5N-R 
031SN-N 

-47 
Q 

51 
74 
92 

128 
132  
120 
128 
7 1 1  
122  

a 35 
132  
1 1 8  
I02 
11-7 
187 
117 
a 2 1  
130 
136 
a 40 

- 5 8  

-78 
0 

-63 
-30 
-8 
7 
6 
5 
0 

I ?  
90 
7 
74 
3 2  
6 3  
7 1  
8 1  
6? 
a7 
62 

275 
266 
2 u 4  
2 3 8  
226  

2kQQ 
203 
2 0 4  
205 
197 

-44 

153  
45 
- 1  

-14 
0 

-6 

1 4  
16 

2 i a  

,a 
4 

3 0 5  
29e 
260 
254  
2 4 4  
215 
1 9 7  
I9Q 
180 
9 8 3  
174  

93  
94 
9 1  
8 7  
76 
6 6  
65 
67  
6 9  
70 
6 4  

- 1 3  

42 
45 
2 9  

3 2  
3 1  
2 8  
19 
16 

2 8  

TRWWS 
-e--- 

9 n r r  
8530 
7335 
712% 
684s 
5975 
57 39 
5832 
5297 
5545 
so 57 
80 16 
7.753 
7228 
7039 
6398 
6119 
5787 
5786 
5843 
5894 
5581 

-1191 

4355 
1972 

6 85 
339 
706 
54s 
561 
700 
7 13 

LONG ---- 
1uo5 
2 5 5 9  
3743 
Y 3  49 
4814 
5537 
56 84 
5356 
5439 
4993 
51 69 

6448 
6271 
57 2 
5181 
5425 
5052 
5236 
5351 
56 38 
58  54 
5860 

-2101 

-1045 
592 

-16-78 
-8 13 
-49 
372 
343  
374 
2 1 4  

----- 
-2569  
-2772 
-2440 - 24 07 
-2286 
-2017 
-1679 
- 3 4 5 6  
-11505 
-3410  
-1482 

23-73 
2296 
2OQQ 
20 20 

2022 
1852 
181% 
3803 
1802 
1765 

-421) 

1488 
0 

-404 
-572 
-422 
-482 
-413 
-65 

7 

STGBX 
-...--- 

18130 
9519 
8569 
8512 
8331 

7390 
7 0 6 8  
6975 
6724 
6596 

973 1 
9425 
8649 
8333  

7 8 3 0  

7 3 8 Q  
7397 
a546  
7676 

- 3 0 2 7  

4735 
39-72 
752 
5 3 4  
896 
948 
879 
713 
713 

---a- 

649 
14-70 
2510 
2958  
3328 

3 8 6 2  
3844 
3 6 3 0  

ra-733 
4600 
4300 
3086 
37135 
3495 
3 6 3 9  
374 1 
3935 
4072 
3951 

-2266  

-1424 
592 

-1745 
- 1 O a l B  
-231 

- 3 1  
2 5  

3 6 1  
214 

4 
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Table A. 2 .  Chi% - o.f-pll_a,ne mmrneiit, Mm, on nozzle  

- 2  -203 
2 -215 

- a  -205  
8 -160 
1 -108  
8 -75 
1 - 5 6  
2 -32 
0 -20 

-.. 9 0 
2 - 7  -2 

- 4  - 4 1  
-6 -85 
1 -89 
0 - 8 3  
1 -51 

-3 -29 
- 7  -20 

0 - 1 0  
3 -5  
2 -3 
1 -3 

0 1 1  
-18 -138 

4 10 
15 2 6  
1 1  2 9  
-8 -3 

-5  1 0 
- 1  583 
0 3 2  
0 16 

- 2  6 
2 -2 

- 1  -18 
8 - Y  

- 2  0 - 0 - N - E J  - 3  4 

150 
189 
7 90  
1 5 4  
103 

6 8  
a40 
24 
17 
12 
6 

3 8  
6 6  
69  
6 9  
4 1  
27 
19 
13  
10 
6 
1 

62 
114 
32 

1 - 80 
- 3  

- 8 8  
-58 
-34 
- 7 7  

- 4  
2 
Q 

- 3  
-2  

TXAR"5 

-1169 
-555 
-338 
-193 
-11% 
-152 
-340 
-187 
- $5 

6 3  
-77 

-493 
-414 
-447 
-3 03 
-232 - Q5 - 1 Q 

56 
55 
65 
-41 

1602 
9684 
90U 
580 
2 3 3  

-12a 

-331 
-0Q 

-101 - 36 
46 
-6 

- 8 8  
- lee5 
- I  1 4  

-415 -4710 
-195; - 5 3 8 Q  
-120 -5266 

20-7 - & I 8 3  
i!, -2803  

-38  -1923 
-69 -1282  

-18 -488 
7 - 2 8 %  

90 -127 

a -743 

-274 -78Q 
-312 -2016 
- 8 1 3  -2189 
-902 -2025 
-54 -1225 

-1Q3 -735 
- 0 1  -520 
25 -395 

10'7 -232 
65 -114 
18 - 56 

481 - 6 9 1  
-48 -2031  
Q.01 - 2 9 2  
4 20 3 24 
403 4 04 

-285 -a 

-262  2102 
-57 1Q95 
- 3 8  9 05 

-16 435 
- Y.? 1 4 2  

46  -56 
-98 - 56 
-lg4 -29 

- 12.5 - i 6  

S I G M  I 
----e 

3933 
5 0 5 2  
5 8 3 8  
4218 
2759 
I818 
10 84 

6 6 0  
Q 4 6  
318 
207 

Q88 
1654 
1836 
'9824 
14385 

66 2 
0 9 3 
346 
314 
5 '78 
46 

9934 
3025 
1838 
925 
734 

- 1 2 4  

1777 
1 i425 
8 fb  1 
Ql6 
149 
82 
.- 8 

-39  
- I02 

SPG3N 
- - - - _ ^  

- 5517  
-572hs 
-5497 
-4154 
-2858 
-2009 
-1493 

- 8 3 9  
- 5 3 0  
- 2 Y 8  
- e 7  

- 1 1 7 5  
-2380 
-2395 
-2238 
- 1 3 7 1  

- 8 1 5  
-548 
- 2 6 5  
- 9 5 3  

-50  
-77 

151 
-1390 

267 
275 
-93 

-286 

-2429 - 1564, 
- 9 7 s  
-455 
- 1 4 9  

-4127 
-150 
- 1 3 7  



I -90C-B - 

I - 9 Q C - P  - 1 2 5  
I-90c-8 75 

0-9 QC -B* 0 
0-9oc-c 3-79 
Q-9OC-D 300 
$9-9QC-E 245 
0 - 9 0 C - F  2 
0-SQC-R -9  

I - Q O W - 8  - 4 5 3  
I-9ON-C - 5 8  
I-90W-D 3 2  
I-98N-E 6 0  
I-90M-F 7 5 4  
I-90N-1 125 

0 - 9 0 N - B  368  
0-9OW-C 222 
0 - B O N - D  123 
0 - 9 0 N - E  130 
0-90N-F 138 
43-qQN-I 169 

-2 
-257 
-202  
- 1 4 5  
- 1 2 8  

- 9  

235 
305 
266 
204 
473 

- 9  

- 6 9  
16 
33 
20 
35 

-45 

2 7 2  
1 4 5  

0 3  
3 3  
10 
13 

-236 -11817 -17081 
- 2 4 9  -1Q759 -12893 
-214 -8907 -9366 
-153 -6341 -7007 
- 1 2 1  -5344 -5345 

-41 4 27 

209  9752 2926 
274 12317 15052 
223 10546 12149 
194 8486 9893  
16q 7304 8328 

- 7  -345 -387 

-45 -2035 -14209 
92 2426 -1 
40 1569 1424 
4 478 1944 

17 965 4906 
6 -986 3450 

280 11733 14566 
167 5623 8652 

8 2  3491 e1731 
3 7  1387 4330 
16 
-4 12 5072 

82 -111815 -17003 
-182  -10754 -12898  

166 -8853 - 9 4 2 8  
106 -6324  -702Q 
-96  -5249 -5441 

-215 5 3 1  - 3 2 4  

351 9378 2908 
405 1 5 1 1 0  12258 
4 9 8  12318 10406  
132 9905 8473 

54 8 3 3 1  7301 
- 2 3  - 3 3 5  -397 

- 2 9 9  -2027 -14216  
-Io14 2702 -1294 

- 1 0 2  I622 33-71 
214 1975 448 
240 4 9 2 1  950  

-673 3550 -1086 

-309  14530 11729 
-296 8695 6 5 8 0  

19 4731 3 4 9 1  
- 5 9  4331  1386  
-86 4282 416 
239 5883 1 



- 1 8  
- 1 4  

4 
- 1 Q  
-68 

3 

- 2  
9 
4 
0 
2 
1 

- 4 2  
- 4  
4 
9 
R 

22  

- 7  

-5 
-6 
-6 
-2 

- 

2 1 3  -16Y  
234 - 1 8 6  
205 -175 
199 -762 
158 -139 
-3  8 

3 s  - 5 3  
68 -93 
6 6  -97 
6 3  - 8 6  
6 0  - 9 4  

5 - 1  

2 1 9  - 1 7 1  
8 9  -54 
17 5 
0 2 1  

-8 2 1  
8 3 

- a s  4 3  
e 43 

- 3 5  25 
-19 13 

- a  4 
- 3  - 1  

STRESSES PRPW STRESSES ---- ---- --I---------- 

109 1 12 
1888 -98 
448 3 1Q 
5 3 5  - 9 8 3  
q3-7 -395 
1 86 136 

-403  -188 
-532 - 1 3 0  
-677 - 96 
-521  -1Y5 
- 3 0 9  -24 

73 55  

1083 -933 
760 28 
477 260 
460 4 Id 
291 3 4.8 
213  736 

-758 -427 
9 47 155 

-228 -218 
-133 -233 
-80 -203  

SHEAR 
---e- 

5022 
5593 
5070 
4887 
3954 
- 1 3 5  

1368 
21  45 
21-77 
1986 
1774 

84 

5200 
1904 
142 

-285 
-385  

57 

- 1606 
- 5 5 1  
-802 
-424 
-162 

- 6 8  -73  - 25 

5603  -4501) 
6 f 2 8  -5130 

5163 -Sa512 
3997 - 3 9 5 5  
256 - 7 4  

5$54 -h8592 

87-7 - 1 4 6 8  
1823 -2485 
1840 -2583 
1662 - 2 3 2 8  
1612 - 1 9 4 8  

149 -21  

5376 -5220 
2333  -654Q 

5 6 3  7-74 
724 152 
7 8 1  -70 
742 207 

1021 -2207 
9246 -1164 

579 -1026 
244 - 6 1 0  

3 1  -315  
- 4 6  - 8 5  



11.9 

Table A,% (cont inued)  

8 3 3  2 2 8  2 5 9  
a 290 30 
8 2 4 7  24 

222 1 9 3  136  
62 152 115 
19 1 1 9  1 2  
57 652 €361 

14 15 
- 1  0 -2  
-27 - 1 7  - 3 4  
-26 - 1  - I @  
-%7 - -5 

8 -4 
- 5  - 8  

-519 -3248 
-394 - 2 7 4  
-313  -243 
-247 - 2 1 5  
-199 - 1 7 5  
-115  - 1 1 7  
-56 -59 
- 1 8  -24 

12 6 
19 l Q  
34 I O  

e: 
0 

-330  
-267 
-236 
-204 
-1 6 8  
- 1 1 8  

- 6 0  
- 2 6  

5 
I Q  
1 2  
9 
1 

5 6 3  
12569 
70566 
8308 
6659 
5211 
269% 

6 3 4  
-9 

-5 41, 
-521 - l 6 Q  

-69 
-283 

- 10 967 
-8344 
-7330 - 50 40 
-2555 
-1075 

253 
596 
471 
375 

19 

715 -4211 

9145 - 38 

2503 -24 
2 57 4' 

-552 25 
-976 34 
-933  5 
-564 5 
-492 511 - 86 311 

,c 

176910 
12417 
9647 
688  
524 
2695 

3 4  
-8 

-51  

- 6 2  
-8 1 

7180 
'112541 
'80565 
8307 
661 6 

2500 
2578 

-553 
-978 
-935 
-554 
-Q19 
- 2 9 2  

- 19695 1 2 1  -13726  -19698 
-15247 -98 -33446 -15250 
-12440 -91  - 1 0 1 6 3  -12444  

-4967 
-2458 

-87  -872  -1Q77 
45 
7 47 -5  747 596 
5 55 5 5 8  468 
387 392 370 

10 -2s  40 -11  

~~~~~-~ 97 171 1 4 8  6801 7953 027  6'627 
I 2 7 O N - B  2197 6 20 274 miai -mar 8 5 8 5  270 
1270w-c -4 - 6 8  -56  -2718 -938  -165  -923 -2733 
I27ON- - 1 1 5  -57 -54  -2243 -4134  - 8 1  -2239  -4137 
I270H-E -153 - 3 6  -45 -1622 -5081 914 -1618 - 5 0 8 4  
I270N-F -157  -22 -26  -871 -4986 56 -870 -4987 
I27ON-W* 0 - 9  2 -270 - 8 1  -219 6 3  - 4 1 4  

- 3 5 1  -187 -225 -8647 
-212 -199 -153 -6393 

- 1 3 3  - 3 8  - 3 6  -1480 
-135 - 1 6  -112 -469 
-1157 - 1  -2 102 
-166  - 3  - 8  - Y l  
-172 - 1 3  5 2 
- 1 7 5  - 5  -4 -10 

- 1 4 6  - a 0  - 8 1  -3371 

- 14032 f s q a  -as99 -14080  
-8265  5 5  -6397 -8267  
-5384 92 -3371  -5384 
-4442 
-4993 -49 -468 -4194 
-4676 20 102 -4676 
-4983 67 -40 -4984 
-5151 - 2 3 8  13 -5162 
-5239 -20 -10  -5239 



120 

Table A. 2 (cont i i lued)  

BOT-OP-PLANE HOHEMT L O A D I N G ,  HWN, ON Z Z L E  (800 I N - Z B )  

T 3 li S I - B  
I375C-C 
I 3 7 5@ - I) 
I3 1SC-E 
1315C-F 
P315C-8 
13 " J C - J  
13 "JC-K 
I315C-L 
1315C-M 
1315c-P 

0315C-B 
0315c-c 
031TC-D 
03158-E 
0315C-F 
0315C-I1 
031SC-9 
03 15C-R 
0315C-L 
0315C-PI 
0315C-P 

283 56 3 6 4  
191 35 365 
1163 1 310 
105 4 286  
76 - 1  261 
$0  -18 197 
15 -5  153 
-5 12 I17 
-2 10 75 
-6 15 43 
-7 9 13 

-300 
-2 18 
-953 
-1OY 
-92 
-48 
-28 
-15 
-16 
-13 
-5 

- 3 1 1  -120  
- 3 1 9  -102  
- 2 9 3  - 9 3  
-267  - 8 4  
- 2 4  1 - 6 %  
- 1 9 0  -5s 
-130 - 4 8  

-la8 - 3 3  
- 2 5  - 2 5  

6 - 1 0  

$ 9  $9 
8586 
6962 
6 3  19 
5 4 3 6  
38 86 
3234 
28 Y3 
1874 
1280 
48 4 

-9137 
-8999 
-83 '1 4 
-7608 
-6678 
-5403 
-3878 
-2879 
-1747 
-1886 

-216 

11159 -Q099 l(4281 
8310 -4388 12838 
6 3 6 5  -3945 10620 
5055 -3-732 9472 
3979 -3490 8394 
2663 -25857 6196 
1&10 - 2 1 1 2  la621 
717 -1402  3539 
506 -866  2293 
1 9 2  -385 lU03 
-65 -57 490 

5797 
4058 
2708 
1903 
1220 

353  
2 0  
20  
8 6  
70 
-71 

-117727 - 2 5 5 1  
-9291  -2895  
-9092 -2668 
-5404 -2436 
- 4 7 6 4  -2385  
-3oslR -1748 
-2098 -1094 
-1320 -658 
-1008 -203 
-722 -1 
-203 142 

-75771 -13293 
-6227 -12023 

-3832 -9186 
-3225 -8217 
-2122 -6335 
-1512 -4383 
-1079 -3112 
-957 -1827 
-722 -1086 

-67 - 3 5 2  

131519-N -70 - 9  - 3 6  -894 -2362 359 -810 -2445 

0315N-B - 2 4 2  - 1 2 8  -265  -7859 -9366 10311 -6666  
sa 1%N-C* 0 -64 - 6 4 3  -4555 -1367 1060 -1046 
0315N-D -93 - 1 8  -86 -2182 -3Q36 897 -1714 
0315N-E - 8 8  3 -39 -656 -2845 526 -536 
8315N-F -98 0 - I @  -195 -3010 184 - 6 8 3  
0315N-a; -l i96 Y 2 275 -3399 28 295  
031SN-I1 -118 1 -5 39 -35u1 31 00 
0315N-R -119 1 - 3  -9 -3578 100 -6 
a3 ISN-W* 0 1 -7 -125 -37  107 35 

-9760 
-34876 
-3903 
-2965 
-3021 
-3393 
-3543 
-3581 
-197 



2894- 
ZL9L- 
0984- 
kL6k- 

QE98- 
Of718- 
6966- 

I- 
Stl- 
LS- 
16- 
EEC- 
$22- 
E kS- 
SEEL- 
EZ8L- 
9892- 
tZ99- 

1SLL 
h8Li 
8228 
ot6L.L 
260 
666L 
OS6L 
6E98 
99L6 

L@l- 
9% 
8bZ 
L8- 
mtr- 
E99- 
tlL6- 
601- 
LS9- 

EL 
51 
lil 
1Z- 
sz- 
9ti- 
8S- 
L 
trZ 
96 
81 - 

4L- 82 ES- ZE- 
8Lt- 99 26 - 6L- 
6Sl- €i€l Lbl- 6 
1-82- 281 LEZ- 8Z- 
9Eh- cttz @E€- OL- 
06E- LLE EBE- 9L 
Sbti- Stlb strtl- z- 
189- 601. 569- 02 
tlSZL- OLLl 2121- os- 
€9€1- tl0fil 28El- 18 
8L9- 111s 919- E8 

E 
9E - %E - ss- 
OE - ZZ- 
8tl- 
El 
ILL 
LEL 
80 tl 

si- 
EE - OE- 
Lt- 
SZL- 
62- 
1 
8 
SE- 
Ob- 
081- 

E6Z- 9BZ 6 
882- Z6Z 0 
962- BOE Z 
862- bbZ 2- 
ZLE- 262 ZZ 

ZEE- 68Z 6L 
9LE- ZLE 1z 
b8E- SI;€ zz 

WE- 692 zz 

9LZ ROZ- L- 
9EZ aroz- EZ- 
z1z 912- LL- 
EbZ oiz- 8t 
96L LZZ- ZE- 
9$ 61- 0 

L- 1 0 
Z- 0 L 
z- L & 
E- 1 0 
5- E 1- 
8- h 1- 
St- 41 L- 
os- ES 0 
B9- 9L 1- 
ZOL- 80L Z 
9tJz- G9Z s- 

z- 1- 
b- 0 
9- 1 
Ob- 0 
91- c- 
SL- 1 
LL- 0 
9z- 1 
9b- I- 
ES- E 
LZ- 5 

N-a-0-u 
31-N-0-0 
H-N-0-0 
3-M-0-0 
d-M-0-0 
3-N-0-0 
a-N-0-0 
3-N-0-0 
8-N-0-0 

N-N-0-1 
d-H-0-1 
a-P-0-1 
a-N-0-1 
3-M-0-1 
8-N-0-Z 

S-3-0-0 
(a-3-0-0 
bl-3-0-0 
I-3-0-Q 

r-3-0-0 
H-3-8-0 
P-3-0-0 

3-3-0-0 
8-3-0-0 

x-3-0-0 

0-3-0-0 

S-3-0-1 
d-3-0-1 
la-3-0-1 
3-3-0-1 
x-3-0-1 

H-3-0-1 
6-3-0-1 

3-3-0-1 
8-3-0-1 

c-3-0-1 

a-3-0-1 



‘l’able A. 3 ( con t inued)  

1-9oc-&s 
I- 9oc-c 
I - 9 B C - D  
I - 9 8 C - E  
I - 9 8 C - P  
I - 9 Q C - R  

a-98C-B 
8-9OC-C 
8-9 oc - D 
0 - 9 0 C - E  
0 - 9 oc:: -F 
0-90c-R 

I-9ON-B 
I - 9 0 H - C  
IC-90N-D 
I-?ON-E 
E-903-I? 
1 - 9 0 N - N *  

o-90N-E 
0-99N-c 
0- 9 08 - D 
0 - 9 O H - E  
0-90N -4s 
a-9oW-N 

-8  
- 9  
-7 
- 9  
- 3  

1 

0 
- 2  

3 
3 
4 
7 

17 
1 4  

2 
87 
17 

-32 

2 
14 
97 

9 
13 

- 3  1 

-137  
- 1 4 8  
- 1  19 
-89 
-72 

- 2  

1 4 5  
1 2 2  

9 3  
82 
7 2  
4 

-188 
-2199 
- 1 8 2  
- 2 1 6  
-23E 
- 37 

316 
253 
26Q 
280 
2 5 6  
306 

143 
1 5 5  
1 2 3  

9 8  
73 
C 

- 1  ’92 
-89 
- 6 7  
- 5 3  
-53 

5 

i 80 
192 
2 0 0  
165 
1-73 
218  

- 3 2 3  
-269 
-26  5 
-268 
-28.3 
-2fse 

142 
133 
152 
392 
%a 
-47 

-724 
721 
582 
634 
4 07 
189 

-193 
-179 

3 8 0 
-1135 
-1489 

4015 

-145 
- 2 7 4  - 40 

2 5 $4 
-6 -lu 

884 

-207 
-232  
-- 162 

39 
-83  
24 

217 
1 5 1  
279 
272 
2 54 
27ra 

4 57 
3 6 4  
189 
154 
100 
2 37 

-7 
3 3 2  
5 9 1  
3 59 
2 1 4  - 6 67 

-3736) 
- 40 30 
-3195  
-21384 
-8934 - 26 

3425  
2853 
2134 
1809 
11666 

- rg .  

- 9 8 9 1  
-5212 

--5074 
-5453  
- 3 3  89 

8 5  10 
6995 
7054 
7301 
71-74 

- m a g  

765 1 

3701  -3766 
4 0 0 4  -4065 
3197 -3207 
2601  -2370 
1905 -1964 

3 3 -5s 

3905 -29rjra 
326Q - 2 3 9 2  
2 5 7 1  -1709 
2269 - 7 3 6 3  
1999 - 1 3 3 7  
274 189 



TORSIONAT, PISJMENT ZCADING, BYN, ON NOZZLE 42QO0 IN-L33)  

1180C-B 
I1 80C-C 
I1 80C-D 
I180C-E 
I180C-F 
I180C-S 

0180C-B 
018OC-C 
O18OC-D 
0 180C-E 
0180C-F 
0180G-S 

1180N-8 
I180N-C 
1 1  8ON-D 
I1 80N-E* 
I18OW-F 
S180N-N 

O18ON-B 

0 1 8 O N - ' D  
0180N-'E 
0 180N-F 
0180N-N 

9 
7 
6 
3 
2 
1 

20 
1 1  
7 
4 
2 
1 

31  
25  
30 
2 0  
24 
- 8  

- 3 6  
-25 
-16 
-16 
-26 

7 

- 3 7  
- 5 6  
-41 
- 3 3  
- 2 5  

3 

227 
1 1 1  
73 
5 1  
39 

I 

- 1 2 8  - 196 
- 2  19 

0 
-225  
- 2 0 5  

337  
0 

310  
3 2 4  
311 
286  

2 8  
4 6  
38  
28  
22 
- 2  

-2 5 2  
- 1 0 0  

- 7 3  
- 5 2  
- 3 7  

0 

1 2 8  
1 8 5  
197 
197 
194  
136  

- 2 4 6  
- 2 8 1  
-247 
-288 
-284  
-302 

TRANS 
-"-'-I 

-199 
-239  

-80  
-104 

-70 
25 

-573  
244 
-23 
-35 

35 
4 

-23 
-267 
-5 25 
4301 
-695 
-408 

2042 
-6147 
1408 
809 
6 33 

- 3 5 3  

LONG ---- 
291 
149 
145 
47 
42 
24 

421 
412 
189 

95 
68 
20 

911 
6 67 
7 43 

1898 
511 

-348 

-471 
-2588 
-68 

- 2 5 1  
-576 

4 12 

SHEAR ----- 
-874 

-1364  
-3056  

- 8  20 
- 6 2 2  

57 

6384 

1944 
1372 
10 12 
14 

-3412 
-5075 
-5546 
-2621 
-5582 
-5205 

7760 
3-2 43  
7412 
815 
7926 
7834 

2812 

SIGMX ----_ 
90 3 

1333 
1094 

7 9 5  
610 

8 1  

6327  
3141  
203 
14Q3 
1064  

28 

3 8 8 8  
5296 
5690 
5982 
5 5 2 2  
4927 

8647 
-230 
8118 
8 Q 5 0  
7978 
7727 

S I G t i N  ----- 
- 8 9 2  

- 1 4 2 2  - 1029  

- 6 3 8  
- 3 2  

- 6 4 7 9  

- 1 8 6 4  
- 1 3 4 4  
-962 

- 3  

-2999  
-4896 
-5473 

216 
-5706  
-5584 

-7076 
-8515 
-6779 
-7892  
-79211 
-7957 

-a52 

-2485 



1-24 

Table A. 3 (cont i -nued)  

TORSIBWAL MONEBT L O A D I N G ,  

RQSETTE ----...-- 

I270C-A 
I27OC-8  
f 2 7 O C - C  
1270C-D 
I27OC-E 
I27OC-P 
I27OC-En 
I27OC -J 
I27QC-K 
127QC-Ti 
I27OC-84 
I270C-P 
I 2 7 OC - B 
1270c-T 

827OC-8 
027OC-C 
8 2 7 O C - B  
0270C-E 
8 2 7 OC -F 
0 27 OC - a 
0 2 7 BC -J 
8 2 7 BC - K 
0270@-1, 
0270c-H 
627OC-P 
027OC -&  
0 27 oc -T 

1270H-A 
I 2 3 0 # - B  
I290H-@ 
I 2 7 O N - D  
12TOEa-E 

19 -79 
-4 -141 
4 -159 
2 - 1 1 8  

-1 -9Y 
0 -70  
0 - 3 3  

- 1  - 1 1  
0 0 
0 8 

- 1  7 
8 3 
6 0 
0 2 

-2 199 
1 1 0 5  

- 5  8 3  
-4 7 1  
- 3  5 9  
- a  Q Q  
-1 3 3  
- 2  23 
- 1  1 2  
0 5 
0 2 

- 7  9 
n - a  

'95 - 5 0  
- 2 5  - 2 6 2  
-20  - 1 9 2  
-28 -193 
-33 -194 

1270W-P* - 6 8  - 1 9 3  
0 - 2 3 1  

-7  305 
2 267 

-5 2-70 
- 2 3  279  

- 2  275 
6 272 
b 281 

- 2 1  3 0 5  
4 286  

6 6  
155 
153 
118 
92 
72 
39 
15 
2 

-5 
- 2  

2 
4 
0 

-236 
-112 
-84 
-71 
-62 
- & 5  
-33 
-' 2 1 

- 7  
- 1  
3 
3 
0 

3 0  
204 
2 0 9  
2 0 9  
2 2 3  
2 1 3  
183 

- 2 9 4  
- 2 5 8  
-27 9 
- 2 6 3  
-265  
-284 
-293 
-275 
-295  

TRANS 
--....-- 

-299 
306 

30 
-2 
-40 
7 

QO 
b 
4 
79 
117 
117 
80 
58 

-843  
-169 
-23 
8 

-62 
-30 

2 
Qd 
99 

103 
116 
80 

-14 

-670 
6% 

35 1 
379 
6-71 
502 

-1046 

243 

- 18 
378 
2 29 

-2  58 

6-75 
-206 

iai 

-287 

L O # G  
--I- 

484 
-18  
1 4 3  
61 

- 50 
14 
20 
-6 
6 

1 1  
12 
20 
10 
18 

-299 
'- 29 

-181 
-119 
-120 
-32 
- 2 1  

6 
37 
37 
-1 - 1u 

2 59 
-738 
-506  
- 7  Id 
-789 
-113713 
-314 

-140 
1 Q Y  

- 1 4 4  
-577 

8 
1 on) 

31 
-4  18 

5 84 

-6934 

-3139 
-2Q75 
- 9 8 9 1  
-1018 
-341 - 16 
169 

12 
-48 
22 

57-78 
2892 
2226 
1896 
9625 
1179 

870  
5 E12 
250 
83 

- 13 
-18 

- 9  

-1192 
-5a806 
-5320 
- 5 3 6 7  
-5553  
-5406 
-5513  

3389 
6998  
7200 
72 14 
7188 
7 4  87 
7695 
7729 
77Q 

1 i a  

SlCGMX 
--e-- 

2066 
0 8 3  

47Q3 
3 569 
2430 
1922 
1 0 4 8  

3 7 8  
50 

217 
193 
1 l$ 
104 

6 8  

5213 
2793 
2125 
183-7 
1534 
1147 

8 6 8  
586 
3 0 5  
160 
118 
8Q 
- 5  

1874 
5688 
5253 
5227 
5542 
& B Y 7  
4886  

8 0 4 3  
'7140 
'TI 19 
7130 
7307 
'7 332 
7550 
7877 
7 6 7 Q  

SIcGW;"s 
----I 

-1889  
-3802 
-3970  
-3109 
-2520 
- 1 8 6 1  
-988 
-389  

8 
-127 
-65 
19 

-15 
8 

- 6 3 5 5  
- 2 9 9 1  
-2329 
-1956 
-1756 
- 9 2 1 0  
-879 
- 5 8 2  
- 2 0 6  

-19  
75 
- 5  

-23 

- 1485 
-5753 
-5412  
- 5 5 6 3  
- 5 6 3 9  
-6 22Q 
- 6 2 0 5  

- 7 9 3 9  
- 6 8 5 5  
- 4 2 8 2  
-7329 
- 7 0 7 0  
-7Q86 

-7620 
-7828 



125 

Table A. 3 (cont inued)  

T O R S I O N A L  MOHENT LQADING, BY??, ON NOZZLE (2400 I N - L B )  

HICRO-SIRAIN STRESSES PBIN STRESSES 
I------_---... --...----- ----I-------- 

r 3 i x - B  
I315C-G 
13dSC-D 
I31SC-E 
1315C-F 
P 3 1 sc-HI 
1315C-3 
H315C-K 
I315C-L 
1315C-PI 
13 9%-P 

-15 -54 137 1840 91 -2545 
-4 -53 144 2007 474 -2618 
7 -34 115 1787 757 -1981 
8 -21 99 1699 754  -1594  
8 - 1 1  8 6  1635 742 -1285 

1 1  -3 6 0  1239 709 -843 
3 1 4 2  94 1 381 -545 

-6 - 3  16 30 2 -91  -259 
-12  -6 3 -40 -373 -120  
- I ?  -6 -4 -221 -382 -21 

-4 3 3 0  7 l a  a4 -365 

3657 
3969 
3319 
2889 
2550 
1858 
127q 

8 8 5  
4 3 1  

-2 
-218  

- 1726 
-ill088 

- 7 7 5  
- 4 3 6  
-172 

91 
48 

- sa  
- 2 1 9  
-412 
-385  

-2 1 8 1  
-15 8 
-23 4 
-27 29 
- 2  13 
-2 - 5  
-23 - 1 2  
-17  - 1 2  
- 1 7  -5  
-7 1 
-3  5 

-171 
-109 
-93 
-80  
-7 
-57 
- 3 8  
- 2 7  
-1s  

- 9  
- 2  

230 10 
-423 -585 
-947 - 9 7 3  

-1087 -9934 
-1303 -7233 
-1323 -1233 
-1062 -40 
-847 -758 
-433  -453 
-972 -267 

6 

5 4066 -4567 
2637 2334 -3142 
18633 9 2 4  - 2 8 4 3  
1444 334 -2554 
1162 -915 -242 

3 -585 -997  
2 -633 -1379 

124 -87’ -353 

1 3 1 5  -53 - 9 6 1  206  662 -3276 -4887 4918 -5132 

5M-B 8 3  325 -3386 -1293 
0% 15H-C* 
a3 15N -B 
&s335w-e 
Q3lSN-P* 5 
315N-c 3 1  287 -287 -163 
3 3 58-I! 3 0  2 9 5  - 2 8 5  998 

0 279 -294  -34% 
2 5  2 8 2  -293 -26 

2091  
-91 
2055 
1697 
-302 

9 29 
947 
668 

-9137 
-7859 

-7209 
-7169 
-74-76 
-7863 



126 

Table R a ).I. In--plane monien'c loading, MZN, on nozzle 

I - o - C - B  
I-0-@-C 
1 - 0-c- 0 
I: - 0 --@ .- P 
1-0 -C-8  
I - 0 - C - J  
I-0-c-R 
T-0-C-L 
I-0-C-PI 
71-0-@-P 
E - 0-(3 - s 

8-O-C-pJ 
0-8-c-c 
e - 8.-c -D 
0-0-C-E 
0-0-c- 13 
0-@-a= - 9  
8-0-c-8 
0 - 8-.c - Ia 
0-0-c-a 
0-0-c-P 
0-0-C-S 

-Q92 
- 3 5 6  
-202  

- 3 3  
6 5  
7 3  
60 
23 

7 
-5  
- a  

-237 
-261 
-208  
-lap2 

- 8 3  
-50 
- 3 8  
- 2 9  
-' 2 2 
- 19 
-5 

-234 -9883 
-252 -10884 
- 2 1 5  -9070 

-89 -3680 
- 5 4  -2369 
- 4 6  -1903 
- 3 9  -1526 
-26 -1058 
-17 -752 

- 5  -209 

- 177 15 - 9  - 9 8 8 3  -39715  
-13937 -112 - 1 Q 8 S O  -13941 
-8777 100 -81847 -9101 
-3843 1 -30143 -61915 

8 59 - 3 1  060 -368'5 
14-75 5 3  1876 -2370 
9234 103 1234 -1906  
228 1 4 3  239 -1537 

- 1 6 1  58 -97  - 1 0 6 2  
-399  -2% - 3 9 5  -784 
- 80 0 - 8 0  -209  

Y93 486 8-78 2664U 20995 103 21023 26616 
327 3 7 3  391 96Q49 14744 -248 16452 14740 
199 3 1 Q  330 13935 10677  - 2 3 8  13949 10065 
189  2 8 2  275 12924 6905 10s 12126 6902 

-5 1 3 1  1 3 9  592.3 1613 -IO& 5926  1 6 1 0  
- 2 1  6 8  6 3  2910 2 51 63 2912 250  

- 1  4 0  37 1696 463  35 1692 4 5 2  
7 24 26 1088 524 - 6 3  1088 5 2 3  
9 17 16 4 16 479 24 718  476 
e 1 1  12 Sd9Q 156 - 17 495  155  
1 1 2 76 91 -9 79 39 

T-0-N-R 0 Y3 -31s 292 88 9-79 1174 - 7 9 4  
I -0 -W-C -118  221 1 0 3  7265 -1358 1574 75543 - ? 6 3 6  
I-0-E-8 103 121 909 47Q.8 4531 274 8928 4334 
~ - O - - ~ - E  f 8 1 7 7 8 6  3392 si1153 -122 646Q 3 3 8 7  
I-6-8-F'lk 70 42 86  2729 2927 -578 3 4 1 4  2 2 Q Z  
T-0-W -18 19Q 10 2 103  5850  49 

0-0-N-8 &lS 3 2 Q  3 2 2  13733 1658% 18 16585 1 3 7 3 3  
0-0-N-C 250 1 6 4  1 6 5  6950 9 5 3 2  - 1 Q  95-72 6 9 5 0  
0 - 0 - N - D  202 75 81 3214 7017 -73 76348 3262 
0 - 0 - @ - E  194 16 3 3  8Q7 6875 -227 6 0 8 s  837 
8-0-N-F 209 - 1 1  12  -228 6208 -305 6223 -2Q2 
0-0-w-G 243  - 5  - 2  -423 7153  - 3 0  4151  - 4 2 %  
0-O-M-R 211.7 3 3 -147 '7367 -8 7 3 6 7  -147 
O-$-N-#* 0 9 14 298 89 62 315 7 2 
O-O-%-W 25s I O  12 210 19706 -26 7706 210 



253 -274 

3 5 

264 32 

2 5 1  -1635 
Q. -2998 
3 5 6 5  -2850 
2906  -2278  
1869 -2011 

-32 



128 

T a ' b l e  A. 4 ( c o n t i n u e d )  

I l l -PLANE MQNENT LCADIWG, MZN, ON NOZZLE (1200 I N - L B )  

E I S O C - 8  5 1 0  278 266 91390 18715 158 18718 11387 
IlBOC-C 339 266 268 11371 13332 -20 13332 11378 
f l 8 0 C - D  177 207 209 8943 7981 -18 8 9 4 1  7981 
TSBOC-E 84 152 1 6 9  6960 4505 -233 6982 4483 
1 1  80C-F 20 134 l l l 4  6@98 2Q23 -135 6103  2 
T l 8 8 C - S  -6  3 3 139 -126 -10 139 -126 

8 1 8 0 C - B  -480 -395 - & a 9  -58661 -2.0006 1120 -18028 - 2 0 6 4 0  
018OC-C - 3 3 2  -360  - 3 6 6  -15588 -14636 74 -14631 -15604 
O18h)C-D -201 -314 -323 -13772 -18171 925 -10'166 -33777 
0180C-E -124 -267 - 2 6 1  -11Y64 -7063 - 8 5  -7061 -11466 
(PlSOC-P -67 - 2 3 9  -22C -10025 -5010 -246 -4998 -10037 
018OC-s -6 -7 -4 -243 -253 -32 -216 -286 

IC1RON-B 57'1 1 1  -96  -2Q98 16375 1 4 3 2  161483 -2606 
I18ON-C 101 -76 -142 -4905 1564 886 1683 -5024 
I180N-ID -136 -104 -117 -4717 - 5 4 8 1  

T I I R O N - f  -211 -50 -32 -1567 -6789 -243  -1556 - 6 8 0 1  
T 1 8 0 N - N  - 1 8 %  6 14 631 -5266 -112 634 -5268 

I'Ti80N-E -210 0 -66 -1225 -6657 882 -IOBF~ -5737 

018OW-B -375 -232 - 2 0 1  -909Q -13986 -414 -9059 - 1 4 0 2 1  
O S B O N - C  -237 C! -139 -2788 -7948 1848 -2194 -8542 
O13ON-D -19% -70 -48 -2388 -6484 -287 -2368 -6504 
818ON-E -204 - 2 4  - I &  -610 -6292 -927 -607 -629 
O18OW-P -2OQ -15 7 54 -6791 -2 86 5 9  -612ea 
O 1 R O B - H  -259 - a  -10 53 -9747 115 55 -7"349 



1.29 

0 ab le A. G (continlied 1 

IN-PLANE MQHENT L C A D I W G ,  BZN, 0 NOZZLE (1200 I N - L B  

I27 0c - A  
I 2 7 B C - B  
I270C-C 
r2aac-a 
I 2 7 0 C - E  
I27OC-P 
I270C-H 
127BC-J 
g27oic-K 
f2-7OC-E 
127oc-n 
T 2 7 Q C - P  
1270C-R 
X27QC-T 

027OC-B 
027OC-C 
a27oc-a 
0270C-E 
02 7 OC -F 
0270C-H 
027OC-J 
027OC-X 
Q27OC-L 
0270C-II 
027OC-P 
027OC-€3 
0270C-T 

44 -177 1 5 1  
-16 -272 9 9 8  

h6 - 3 1 9  324 
- 3  -294 286 

- 1 2  -279  2 5 3  
- 1 6  - 2 3 7  229 

- 3  - 1 7 1  176 
- 4  -93  110 

6 - 4 4  6 0  
4 - e  6 

- 3  - 1  - 1 3  
-6 - 9  - 7  
- 1  Q 7 
0 10 6 

-6 16 
593 
101 

-192 
-567 
-155 

121 
377 
335 
-4-7 

-305 
-160 

2 1  
340 

1142  
-381  

138 
-d4Q 
- 5 3 6  
-526 

-64  
-3 

290 
91 

-177 
-215  

- 2 1  
102 

10 - 8 4  9 8  305 Y 0% 
0 - 1 6 9  1 2 4  333 110 

I d  - 7 0 3  1 1 1  166 378 
6 -89 9 3  73 196 
2 -70 72 46  88 

- 2  - 3 1  28  - 59 -64 
0 10 -. 9 48 5 

-2 24 -25 - 19 - 54 
1 30 - 2 4  128 66 

- 2  1 2  - 1 5  -62  - 8 1  
0 - 1  - 5  -129 -43  

-4 -4 2 -41 -142 
1 2 3 106 65 

-7588 
-85% 
-77 30 
-7086 
-6213 
-46  17 
-2692  
- 1 3 9 0  

-199 
172 
76 - 12 
5 

-2424 
- 3 1  10 
-2845 
-2432 

-7388 
254 
6 56 
720 
372 

5% 
-93 
- 2 9  

4.726 
7-74? 
8676 
4564 
6535  
5935 
464’7 
2886 
I703 

232 
- 5 8  

-106  
24 

3 5 1  

2779 
3 3 3 4  
3 1 1 9  
2568  
1951 
$27 
27 7 
620 
818 
380 
-17 

- 3  
115 

-4200 
-7455 
-8437 
-7895 
-7637 
-555s  
- 4590 
-1078 

- 1 8 9  - 4219 
-269  

-25 
9 1  

- 2 8 9 1  
-2575 - 2298  
- 1 8 1 6  

- 8 5 0  
- 2 3 2  
-693 
- 6 2 4  
- B Y 3  
- 4 5 4  
- 1 8 0  

56  

I270N-A 64 - 2 2 4  224 -144 1878 -5937 6 8 9 0  -5156 
I270N-8 3 2  - 1 5 3  187 717 1182 -4535 5 4 9 1  -3591 
1270N-C - 9  -47 1 3  - 7 4 s  -502 -800 185 -1432 
I278N-D - 3 4  - 1  - 4 1  -882 -1287 523 - 5 2 3  -1645 
127QN-E -40 20 -40 -394 -1306 8 07 77 -37-78 

I 2 7 0 N - N  0 4 5 172 52 - 17 1-74 49 
I270Hr-F -40 17 - 2 8  -215 -1266 601 58 -1538 

0270N-B 
027OW-C 
0270N-D 
0278N-E 
8270N-P 
0270N-G 
0270N-H 
0290N-K 
0 2 7 O N - N  

16 95  - 7 4  450 626 2244 2783 -1708  
7 87 -74 266 297 2142  2Q24 - 1 8 6 1  
3 5 9  - 5 9  - 2 1  99 1572 1612 -1534 
-5 34 -28 142 -108  820 a 4 7  - 8 1 3  

5 19 - 1 7  44 162  471 578 -372 
6 8 5 268 268 39 3063 229 
a 1 0 22 2 27 10  228  22 

0 - 1  - 5  -136 -so 45 -31 - 1 5 s  
-2 -2 - 4  -131 - 9 2  14 - a 8  -136 
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u 3 4 5 c - B  3 6 9  
0395c-c 260  
0315c-D 16.7 
6315C-E 102 
a3 15c -P 6 5  
0345c-H 13 
031519-3 -17  
8 3 1 5 C - R  - 1 3  
03 1%:-E -4 
0345c-3 -5 
0315c-P -8 

T315W-8 95 

-34Q 
- 3 1 6  
-255 
- 2 0 6  
-153 

-= 7 0 
-21 
- 9 1  

- 8  

.r 2 

2 5 2  
282 
1 as9 
1 1 9  

9 2  
54 

3 
-24 
- 3 3  
- 2 9  
- 1 Q  

18 

296 
208 
I l l  
S I  
0 

- 6  

,h - 

- 
- r '  
-1 

-6  

11235 lY4SZ 
10050 10805 

8128 7463  
5488 50P4 
5 0 4 2  3 4 I Y  
2618 1162 

167 -473 
- 9 1 0  - 6 7 6  

-1291 -518  
-896 - 4 2 8  
-64Y -422 

1656 3357 

8799 12782 
6269 1884 
31507 528% 
1058 i i 4 4 2  
-138 4301 
- U Y 7  !E1393 
-264 "039 
-312 5 3 8 1  

50 15 
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I-0-c-8 

1-O-C-D 
I-0-c-P 
1-0 -c - Fi 
I-0-c-9 
I -0 -C-R 
I-a-C-k 

I-Q)-C-P 
X-0-C-S 

a-0-c-B 

0-0-e-L 
6 - 0-c- ?I 
a-a-c-F 
0-0-c-s 

560 2 6 3  2 6 9  1lQ90 
5 293  T267a9 

2 3 2  233 2tt7 30380  
33 155 358  6860  

-79 9 6  95 Q2-70 
-86 6 2  7 2  3038 
-6 1 5 @  6C 219 
- 2 1  3 %  42 17 
- 1 2  2 3  27 8287 - 4 1 5  6 5 3  

Q f? 8 382 

20141  
16243  
90068% - 8 3 4  10431 113162% 

8 - 8  1207' 8 
- 1  - F Q  3 - 3  

-27 -25  -29 

-571  -572 
-379 - 4 3 9  
-235 - 3 6 3  
-123 - 3 1 9  

6 - 1 5 1  
117 - 8 3  
4 - 4 5  

-12  - 2 7  
- 9  - a 1  

-2 -7  

- 2 3 9 2 5  - 2 4 5  
-47(B4pa -198 

449 -1182-J -1535s 
- 1 1 9  -"I794 -13699  

163 -2887 -69116 
-75 -3476 -527 - 1 0 %  - 5 2 %  -3480 
-47 -203 -504 -2832t 
- 2 8  -718 -7'83 - 7 1 8 9  
- 2 1  -918 -535 
- 1 2  -523 -299 
-5 -256  -138 -18 -1335 -255 

I-O-W-B* 0 - e 2  13 -646 -194 -73ra 3 4 8  - 8 1 8 8  
X-0-W-C 155 -246 -224 -8296 2169 -1635  2419 -8546 

-N-D -117 -lea5 -123 -5773 -5227 - 
-%-E -288  -90 - 1 0 3  -4025 -7194 

T-0-R-F - 1  6 -45 -9 -2927 -4356 
T-Q-N-I -110 - 2 84 -3288 - 7 1  $6 -3289 

0-0-W-5 -4 1 - 3 6 3  - 3 6 3  -15443 
-M-C - 2 6 9  - 1 8  - 1 8 3  -7-868 - 
-N-D -206 -7 - 8 8  -3Q26 

- 1 8  - 3  -926 -6320 224 -912 - 6 3 3 8  
11 - 6 3  227 -6401 292 239 -6414 
4 - 2  311 -7280 72 312 - 7 2 8 0  

0 - Q - N - H  -253 - 2  0 236 -7517 - 39 236 -7517 
0 -7 -4 -2Q1 -72 -In1 - 6 3  -256 

-144 -3  - 5  -16 -4336 35 -15  -4336 



Tnble A. 5 ( c o n t i n u e d )  
__II__.- 

IN-PLANE FORCE LOACIC'MG, F X N ,  018 N O Z Z L E  (120 &%a) 

I - 9 6 C - B  
E-90C-C 
I - 9 O C - D  
I-9oc--E 
I -9oc -P  
3t-90C-Fi 

0-906-8* 
a-9oc-c 
0- 90C- D 
0 - 9 Q C - E  
0 -9OC-F 
8-90C-R 

I-90W-B 
I - 9 0 N - C  
I - 9 0 Y - D  
I-!?ON-E 
1-90N-F 
I-90H-B 

0-90N-8 
0-9ow-c 
a-9Q)w-D 
0-90M-E 
0-90N-P  
8-90N-W 

-99  -285 
- 2 1  - 3 3 8  
-19 -314 

-6 - 2 8 1  
- 1 5  - 2 6 3  

- a  c 

0 -66  
2 - l a c  
4 - 1 6 1  
2 - 1 2 7  
1 - 3 5  

-4 - 5  

5 - 2 6 8  
- 3  -39 
0 2 4  

- 2  5u 
3 67 

-6 1 

-27 5 6  
- 1 2  60 
-8 39  
-7 17 
- 6  - 1  
-2 -15  

3 2 2  8 17 
367  66 3 
3 3 7  Si 24 
31 1 669  
2 7 1  1 8 4  

- 1  -21 

54 848 
1 2 6  - 1 1 9 4  
113 -987 

9 5  -'919 
8 0  -254 
- 2  -139 

252  -342 
4 3  -618 

- 2 6  57 
-40 326 

563 
- 1 6  -310 

- 9 3  -886  
-86 -558 
-54 -395 
- 2 4  -138 

-5  -123 

EOHG ---- 
- 3 3 0  
-Q40 
-4 09 

12 
- 4 0 1  

-36  

2 s4 
- 3  12 
-183 
-168 - 38 
- 165 

42 
-273 

7 
3 1  

254 
-288 

-1083 
-518  
-341  
-2rd-l 
-20% 

SHEAR 
--.x-s 

-8687 
-9398 
-8662  
- 7 8 7 3  
-71  57 

20 

-927 

-370% 
-2962  
-2289  - 46 
- 6 9 3 1  
-1514 

7 36 
1252 
1 4 3 8  
225  

2041 

- Y O  a6 

1 1  -79 -70 -3142 

8351 - 9 8 6 4  
9 5 2 9  - 9 3 0 8  
8 7 3 2  -8618  
8224  - 7 S Y 2  
70'14 -7232  

- 0  - 5 0  

67884 -7084 
1079 - 1 9 2 0  

7 6 8  -7OQ 
1439 -1082 
1 8 5 9  -1032  
-7Y - 5 2 4  

1859 -3028  
1Y08 -2YS4 
9 1 3  - 1 5 6 9  
353 -7332 

- 1 0 3  - 2 2 5  
268 - Q 1 6  
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Table A. 5 ( c o n t i n u e d )  

IN-PLANE FORCE L Q B I I N G ,  FXH,  ON #BZ'ELE (120 LB) 

MICRO-STEAIN STRESSES PEIN STRESSES 
-----a - e -- I - ---_...--- ------ -..I--...- 

ROSETTE G A G E 1  GAGE2 GAGE3 T R A N S  LONG SHEAR SICGHX S X G H N  ---..,--- ----- ----- ----- ----- -0 -0  -c--- -I--- --.,.e- 

-57  1 
-359  
-185 
-84 
-19 

6 

54 2 

233 
1442 
81 
6 

-647  
-105 

125  
223 
228 
92 

419 
2 57 
2Q 1 
212 
212 
147 

38  I 

-292 
- 2 8 8  
-219 
- 1 6 8  
- 1 3 3  
-6 

435 
407 
356 
302 
267 

4 

- 1 1  
7 1  
9 9  
0 

4 4  
- 1 3  

262 
0 

77 
28 
16 

1 

- 2 8 9  -12049 -20733 -104 -120 
-287 -62068 -14401 637 - 1 2 8 6 4  - 1 4 4 0 5  
-225 -9646 -8469 138 -8453 - 9 5 6 2  

-75s -6320; -2454 287 - 2 6 3 3  -63131 
-6  -285 95 -4  95 - 2 0 5  

- 1 8 9  -7754 -4842 272 -4a1-7 -7781) 

4 8 3  19603 22158 - 6 2 3  22295 194S8 
4 1 5  17645 16'715 -99 i '?655 16705 
364 15561 11652 -98 15564  IlfPSO 
293 32937 8121 116 12920 8118  
2441 11136 5756 307  11153 5739  

5 283  2 32 -12 236 198 

1 0 5  2771 -18591 -1554  2884 -18703  
169 5381 -1536 -1306 5619 -1774 
1 4 2  5143 5380 -577 5808 4643  

6 4  1154 7032 -848  7152 1034  
25 1249 7209 254 "I226 1239 
6 -264 2694 -261 2717 -287 

229 '00327 15674 5 7 6 1  10289 
156 3145 8666 -2078  9 3 6 1  2450  

6 3  2847 6892  192 6902 2838 
18 787 4599 133 6602 784 
-5 8 6357 285 6370 -5  

5 -32  4408 -59  4409 - 3 3  
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'Cable A. 5 ( con tknued)  

LONG -- I - .- 
--9 09 
840 
240 
283 
185 
126 

18 
9 4 4  

-* B 5 8  
- 3 9  

- 1  - 19 
-33  

25 

-753 
- 3  01 
--* 4 4 9 - 273 
-156  

-" 6 
28 

118 
88 
49 
14 
24 - 22 

-1 908 
-1675  

133 
1159 
1 4 2 4  
1 4 1 3  

- 3 5  

-924  
-6 28 
-351  
- 2 3 3  
- 2 6 9  
- 2 6 6  
- 2 0 6  
-116 

-5NE;;iBR 
,. .- .-. . 

$806 
8213 
9554 
87 19 
7377 
'7006 
5203 
3i96Q 
I 6 0 1  
235 

'I 1-73 
- 9 8  
-. 12 

95 

2972  
36 23 
3 7 2 6  
2 8 2 0  
2 4 9 6  
928 

-269 
-948 
-799 
-4 16 

". 3 3  
18 
'3 

6569 
G964 

507 
- 7 0 5 6  
=a '8408 
-1175  
-376 

- 2178 
- 2 1  10 
-1386  

-6 22  
-99 
332  
401 
342 

.- 1 e - 6 3  340 

SIGHX 
-..--- --- 

5 0 6 0  
8 6 3 3  
9851 
9 8 6 0  
8 3 9 3  
7.904 
5190 
3024 
1444  
240 
149 
99 
2 '4 

150 

2332 
3288 
2973 
2620  
2058  

89  1 
23 5 
8 5 1  
$57 
a 6 8  

5 1  
48 

-21  

4057 
4 8 2 1  
1 4 9 6  
205 1 
2512 
2189 
302 

1405  
1537 
1038 

363 
-11.9 
140 
2Ge3 
29 ac 
300 

S 1 G Pi - .- - 
-Q7'39 
-78 ;17  
- 9 2 5 7  
-837'3 
-.I571 
-5907 
-52'15 
- 3 1 4 6  
- 1751 

- 2 3 8  
- 9 6 6  
- 1 0 1  

- 3 6  
- 3 2  

-3616 
- 39'1'9 
- 3 6 7 9  
- 3 0 2 2  
- 2 3 2 5  

- 9 6 6  
- 2 4 4  
- 5 Q S  
-742 
- 360 
-95 

1 1  
-64 

- 9 3 2 3  
-6001 

0 
-90 

- 3 9 5  
-372 
- 9 5 4  

- 2 9 6 5  
- 2 6 8 4  
-- 1 '7 3 3 

-8-76 
- 3 0 1  
-525 
-562  
- 4 0 2  
- 3 8  1 



-5 - 15 -98 -694 -382Cla 56 -633 - 8 8 2 %  

-176 
-96 
-Q6 
- 1 9  
- P I  

- 9  
-35  
- 2 0  
- 1 9  

15193 
-2132 
-5675 

-Y5?5 
-538': 
- 5 2 3 3  
-48 58 

- 2 3  



136 

Table A.6. Axial force, Fm, on nozzl-e 

I- - 0- c: - B 
E-0-(7-C 
T - 0-c - T I  
1-5-c-P 
I - e -c - N 
E - 0-c - J 
I-0-c-K 
E-@-C-X. 
I-C-C-H 
IC-0-c-P 
I-0-C-S 

63-0-C-B 
c- e-e -e 
0-G-C-D 
0-G-C-E 
0-4-c -R 
Q-@-e'-J 

0-0-C-F 
0-0-C-F, 
0-c-c-fl 
0-0 -C-P  
e-0-c-s 

T-0-N-B 
I-0-r%-c 
I - O - N - D  
I-0-w-e 
T-6-N-F 
1 - 0 - Pi - N 
0-6 - N - D 
0 - 0- w -c 
0-0-ta-D 
0 - Q - N - E  
0- 0-8 -F 
0 - O - N - 6  
0- @-Ea - kI 
8-0-N-8 
0-Q-€1--N 

-77 
- 5 Q  
- 6 5  

25 
4u 
h-ro 
27 
8 
6 

-1 
-5 

122 
91 
6 5  
40 
15 
14 
15 
15 

e 
3 

- 3  

0 
- Q s g  
15 
29 
25 
28 

9 
-25  
- 3 0  
-20  

-6 
1 3  
7 9  
0 

20  

- 1 0  
- 4 2  
- 4 8  
-62 
- 7 2  
-6  1 
-60  
- 5 0  
-Q7 
-31% 
.- 3, 2 

128 
126 
121 
118 

83  
3C 
57 
Q7 
39 
27 
15 

1 1  
86 
ti4 
46 
32 

1 

57 
18 

-9  
- 1 3  
-lQ 

-7 

- 1  
0 

m 
- L  

-49 
-85 
- 9 8  

-100 
- 9 2  
-8Q 
- 8 2  
-66  
- 5 2  
- 3 6  
-23 

118 
112 
1 0 4  

9 8  
7 8  
6 0  
54 
4 3  
37 
2 4  
1 5  

- 3  
54 
6 0  
44 
rs5 
0 

6 6  
29 
4 

- 8  
- 1 1  
-9 
-4 
- 1  

2 

TRAWS -- - - - 
-9205 
-2727 
-3185 
-3594 
-3540 
-3220 
-313'7 
-254-7 
-2182 
-1536 

- 9 - R  

5 2 9  3 
51 47 
4%7§ 
4?C1 
3502 
2839 
2u25 
1952 
I665 
1115 

66 2 

1 RO 
3121 
27 3 3  
1 957 
1665 
-16 

2704 
7C56 
80 

-356 
-52.7 
- 4 3 %  
-375 - U5 

2 

LONG 
--e- 

-2663 
-2424 
- l a 1 6  

- 3 9  
2 3  
2 22 

-122 
-5 19 
-460 

52 49 
I8283 
3407 
2 0  08 
1489 
1266 
1 1 6 2  
1027 

6-77 
437 
?C@ 

51e. 
-267 
1254 
1443 
123s 

8 3 8  

1 0 7 4  
- 4 3 ?  
-869 
-701 
-336 

2?5 
4 57 
- 14 
'982 

-%P -- 
5 1 1  
5-74 
658 
503 
268 
3 1 0  
291 
2 09 
54 
22 
1 2  

131 
3 85 
2 46 
269 
66 

132 
34 
47 
31 
47 

- 12 

193 
4 19 

23 
-172 

13 

-125 
- 1  36 
-70 
- 19 
- 2 0  
- 19 

16 
- 1 9  
- 2 4  

58 

SIGH 
---e- 

-1044  
-1982 
-1199 

- 2 6 4  
25 3 
2 4 9  
-94 
-Q98 
-458 
-5c5 
-440 

5393 
5185 
Y906 
41735 
350Y 
28 49 
2425  
1955 
1666 
1119 
66 2 

329 
3172 
2714 
1958 
1726 
8 3 8  

271 2% 
1069 

86 
-356  
-335  

276 
467 
-10 
782 

SIGriH ----- 
-2824 
-3170 
- 3 4 0 3  
-3670 
-3659 
-3248  
-3165 
-2569  
- 2 1 8 4  
-1538 
-970 

5123 
4 2 U 5  
3 37s 
2574 
1486 
1250 
1161 
1025 
677 
434 
100 

- a 6  
- 3 1 e  
1252 
1442 
1175 
-16 

1 0 6 Q  
- Y U Q  
-874 
-702 
-529 
-431 
- 3 7 5  
-49 

1 
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Table A. 6 { continued) 

k X I A L  FORCE L O A D I N G ,  FYW, OW N O Z Z L E  (500 

T - 9 0 C - B  -152  - 5 3  -50 -2228 -5236 
I-9OC-C -90 -56 -37 -1944 -3297 
I -9QC-D - 3 8  - 4 5  - 4 0  -1826 -1698 
I-9OC-E - 1 3  - 2 7  - 2 3  -1089 -714 
I-90C-F 7 - 1 7  - 1 3  -679 5 
I-90C-R 6 - 5  - 1 0  -344 91 

0-90C-$* 0 61 90 3306 9 9 1  
0-9OC-C 1 3 0  1 0 9  1 0 0  4446 5229 
0-90c-T)I 96 92 8 1  3702 3976 
0-9QC-E 64 62 6 3  2674 2735 
0- 9 oc -F 49 49 49 2106 2109 
0 - 9 0 C - R  -7 -17 -12 -635 -405 

I - 9 0 N - B  -156 13 2 9  990 -4388  
r-9oN-c -19  23 47 1574 -105  
I-90N-D 14 1 2  12  512 560 
I - 9 Q R - E :  20 4 - 3  2 599 
P-90N-F 46 - 9  - 1 7  -626 1197 
I-9ow-1 20 -63  - 1  -221  539 

Q-9ON-8 184 1 0 1  103 4367 4424 
0-98N-C Q2 5 0  5 8  2327 1971 
Q-90N-D - 4 4  2 5  27 1190 -956 
Q-90N-1”: 11 11 14 5 3 1  500 
0-90N-P 15 6 8 294 525 
0-90N-N 17 1 7 32 534 

39 -2228 - 5 2 3 6  
-260  -1896  - 3 3 4 5  

-45 -709 - 1 0 9 5  - 57 9 - 6 8 4  
69 102 -354 

-55 - 1 t m  - 1 8 4 6  

-3580 3370 927 
125 52Q7 4 4 2 6  
156 4046  3 6 3 1  
-1s  2739 26-70 

0 2109 2 1 0 6  
-64 -389 -651 

-1  40 994  -e1392 
-316 1632 -763 

9 562 510 
90 6 1 2  -11  

106 7203 -532 
- 98 552 - 2 3 4  

-19  4430 3 6 2  
-110 2 3 5 9  9441) 

-16 1190 -956 
.,. 30 550 48 1 
- 37 5 3 0  289  

534  32 
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o l a b l p  A . 6  ( con t in l ipd )  



I39 

-247 
- 1 S Q  

-9  - 49 
-16  

33  
3 
9 

64 
45 
a7 

8 

30 
227 
172 
9125 

3 
5 

-9 
-39 
-la1 
- 3 2  
-10 

-2  
1 

- 3 3 3  
-3663 

79 
72  
B 

185 
84 
a5  
38 
40 
48 

36 

-72 
-1116 
-1104 

-79 
-5 
-40 
- 1 1  

9 
8 
8 

- 1  
- 9 3  

$1 
9 

202 
163 

- 1 5  
- 3 3  
- 2 9  
-11 - 

10 

- 2  
3 
5 1  
33 

7 
-7  

5 

9 1.3 
8 1  

7 

-79  
- 9 2  
-14 

-e  
- 6 3  
- 4 3  
- 3 3  

1 2  
1 8  
1 3  

2 
- 5  
- 5  

7 

199  
35 
a3  
1 4  

$ 8  
at9 
7 

- 1  
-3  
- 3  
-19 
- 1 9  

8 

-26  
8 

3 
2 

7 - 
-A. 

136 
8 6  
Q6 
2 

7 
7 
B 
3 
2 
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Table A. 6 (continued) 

ROSETTE 
--..-c--- 

I315C-8 
r315c-c 
P315C-D 
I315C-E 
131SC-P 
1315C-I.f 
r315c-J 
T31SC-K 
E315C-L 
IS 1 5C-M 
1315C-P 

0 3 l ' T C - B  
03 1 sc -c 
8 3  1SC -D 
6 3 1 5 C - P  
0315C-P 
0315C-I3 
0 3 15C-J 
6315C-8  
0 3  15C-7, 
0315c-H 
0315C-P 

1315W-M 

63 15N-B 
0315N-6: 
0315N-D 
83153-I? 
O31SN-F 
0 3 1 5N - G 
o315rs-a 
0 3 1 S N - K  
0315N-Il 

1CR 0- ST B A T W ...----------- 

-15% 
-93 
-50 
-18 

7 
29 
4% 
47 
36 
29 
19 

-22 -774 
- 2 5  - 1 8 2  
-20  - 1 5 9  
- 1 5  -149  
- 1 0  -137 

Sg -706 
- 5  -76 

- 9  - 1 3  
- 8  15 
- 5  27 

- 1 6  -48 

204 209 
1 5 3  2QC 
106 1 8 0  

73 1 6 2  
6 3  139  
s o  9 9  
15  5 2  

9 2 2  
5 - 8  

- 1  - 2 2  
- 9  -30  

94 
87 
83 
73 
59 
iryr 
28  
2 1  
10 

1 
- 8  

2 4  3 13 

112  1 2 5  
0 7 3  
8 3 3  
9 1 9  

9 9  0 
3 Q I: 
3 '9 - 1  
37 - 2  
0 0 

87  
5% 
17 
- 2  
- 9  
-7 
- 3  

3 
2 

-4124  -6250 2022 -250% 
-4457 -413 2086 -2203 
-3883 -2698 1862 - 1 3 1 1  
-3543 -1589 1'350 - 5 6 2  
-3231 -774 1685 8 3  

-1921 
-6453 968 4 s a  1038 

-520 911  57 933  
117 892 - 3 1 1  1002 
473 797 - 4 2 3  1037 

-2282 

6Q20 
6 l Q l  
5646 
5085 
4285 
3109 
1741 
917 

20 
-451 
-831  

8036 1536 

3728 1 1 7 4  
3 1 8 5  7071 
1 825  7 3 1  
962 311 
556 15 
144  - 2 3 9  

- 1 6 9  - 3 0 1  
- 5 2 0  - 2 8 9  

8964  
7805 
6 6 1 5  
5 7 6 2  
a940 
3440  
1 8 5 1  

913 
327  

2 2  
-3166 

- 6 3 8 8  
- 5 2 3 0  
-4578 
-4088 
- 2 9 6 1  
- 2 1 2 5  
- 1 5 2 3  
-5266 

8 
1 5 3  

5492 
ia-7556 
3915  
3051 
2530 
1 4 3 4  
854 
556  - 1616 

- 6 4 2  
-3004 

4522 4717 
2986 8.36 
1100 567 
2 42 3 5 9  

-224 494 
-150 a 60 
-128  1877 

-19 1 0 9 6  
41a 12 

587 5 1 3 6  4 1 8 4  
267  2 8 2 2  8063 
21-9 I 1 7 7  L190 
215 5 3 1  9 1  
1 2 4  5 1 5  -2%Q 
117  9 7 2  - 1 6 2  

38 lr3i8 -12'3 
-79 1902 - 2 5  
- 17 51 5 



1.41 

on nozzle %N> Table A- 7 .  Cmt-of-plane force, 

1 
7 

- 2  
5 

- 3  
- 1  

3 
4 

- 2  
-5 
- 5  

-Q 
- 3  

5 
5 
3 

- a  
- 2  
- 3  
- 2  

-9 t 

‘? - L. 

e: 
-25 

5 
17 
- e  
- 3  

-7 
-5  
- 5  
- a  
- 3  

- 3  
0 

-2  

-+ - 3 

GAGE2 
-e--- 

-2  39 
-23111 
- 2 2 9  
- 1 8 1  
- 1 2 2  

- 8 5  
- 5 8  
-36 
- 2 5  
- 1 3  

- 8  

-49 
-!I 
- 9  
-90 
- 5 5  
-3 1 
- 2 %  
- 1 3  
- 1 9  

-6 
-4 

- 2  
- .3 s 

2 4  
4 0  
36 

9 

6 
0 

24 
7 

-5  
- 9  
- 1 3  
- 7 1  
- 9 9  

GAGE3 
----..a 

169 
2 0 7  
207 
1 6 6  
110 

7 2  
4 
24 
17 
7 
1 

27 
77 
80 
7 9  
4-7 
3 1  
23 
353 

8 

2 

5 6  
3 1 8  

27 - 7 
- 1 8  
- 1 2  

- 9  - 5c;d 
- 3 5  
- 5 3  

- 2  
‘7 
6 
6 
6 

TRANS ----- 
-7115 
-548 
-4 85 
- 3 3 1  
-252 
-286 
-3  26 
-274 
-189 
- 1  17 
-939 

- b 7 5  
- 3 5 2  
- 3 G 7  
-256 
-181 

-1  
- 7  E) 
- 3 Q  
-61 
-42 
-39 

42 2 
797 
1qf.i: 
Pi02 
399 
-53 

- 2 3 3  
-126 - 163 

LONG SHEAR 

-292 -5371  
33 -5839  

-197 -5812 
53 -4622  

-774 -3094 
- 1 3 0  -2082 

-5 -1356 
48 -793 

-1641 -lr 3 Ja 

-197 -113 
-183  -268  

-267 - 1 0 2 1  
- 2 0 9  -2,277 

37 -2358 
82 -2256 
25 -6349 

- 5 0  -8-88 
-25  - 5 5 3  

-42  -2Q.7 
-61  -340 
-441 - E 2  

- 1  21 711 
- 1  9 1  2-73 

-. 3 
- 2  
- 2  09 795 
-928 267 
- 7  Q.9 - 5 1  
- 8 2 8  -279 
- 1 2 5  -250 

- 3 2  -222 

4484 -5890 
5605 - 6 1 7 0  
5473 -61155 
4487 -4765 
2 8 8 1  -3308 
1876 - 2 2 4 2  
*I2o(B - 1 5 3 1  
696 - 9 2 2  
407 -711) 
”621 -420 
-51 - 2 8 5  

$96 -618  
193  -35-7 

I640 - 2 5 2 0  

197 - 3 8 3  
1155 - 2 9 6  

-87  -227 - 324  



143 

-501  
-356 
-249 
-188 
- 1 & a d  

6 

8 
489 
33 2 
24 9 
229 
-Q 

-504  
- S Y  
35 
6 3  

166  
7 2  

408 
2 Q I  
20 3 
I 3 5  
9 4 3  
9 5  

-315 
-288 
-227 
-181 
- 1 3 6  

-4 

167 
333 
290, 
226 
192  
-6 

-76 
18 
42 
26 
3 0  

- 2 8  

3 8 3 
16C 
92 
37 
1 1  
7 

-386  -13103 -18948 
-278 -12049 -14293 
-236 -9907 -10436 
-902  -7'796 -7980 
- 1 4 3  -5980 -6172 

-6  -222 12.3 

236 8849 2855 
303 13529 16423 
252 11656 93463 
217 9443 10976 
188 8109 9306 

- 5  -235 -189 

-48 -2168 -15555 
I O 4  2748 -1099 
54 2022 3 6 5 0  

9 715 2180 
13 771 5199 

8 -709 1952 

3 0 5  12913 16128 
184 7'298 9416 

$6 3690 7211 
40 9542 0505) 
15 415 U Q l 9  
-6 -78 2 8 3 0  

-113 -13'1901 -18950 
- 1 2 9  -12042 -14300 
118 -9882 -10462 
12 -7789 -7981 

19 124 -223 
a9 -5935 -6156 

-913 8 9 8 1  2523 
UQ5 16675 13477 
559 13622 11097 
117 1098kB 9 U 3 Y  
54 9308 $107 

-12 -196 -259 

- 3 6 3  -2158  -15755  
-1138 3659 -141'3 

- 1 2 8  2057 1695 
226 2136 480 
223 5 2 1 0  758 

- 3 9 0  2003 -759 

-20 16728 12813 
- 3 1 4  38t6.9 7 2 5 2  

89 7 2 1 3  3 6 8 8  
a @%lo 15Q4 

- 5 9  4420 414 
169 2839  -87 



Table A. 7 (continued) 

-1  2 3 3  -175 3293 
-5 2 5 5  - 3 9 3  1386 

X~~~~~ - 725 
7 8 2  
578 

-2 - 5  A -92 

-7 
-105 - 86 

-166 
-37 

- 1  

58 
2 5 3  
25876 

11% 

5539 
181  

- 3 9 %  
-743 
-2.36 

2 30 

- 3  -175 

310  - 7 8 7 %  

$12 - 1 2 2  



Table A. 7 ( cont inued)  

OUT-OF-PLA E FORCE L O A D I N G ,  F Z N ,  ON N O Z Z L E  (80 LB) 

1270C-Ae 154 256 289 11801 
I270C-B 49Q 320 338 93910 
T27OC-C 3 4 %  276 276 11758 
1 2 7 O C - D  241 215 215  9178 
127OC-X 172 166 1 7 2  7235 
1270C-F 1 2 2  129 129 5544 
I270C-Ei 49  6 3  6 3  2723 
1270C-J -9 13 11 532 
P27OC-K -30 -7 - 1 3  -414 
1270C-L -49 - 2 0  - 2 2  -883 
T270C-M -34  - 1 4  -14 -572 
I27OC-P -17 - 4  -4 -100 
I 2 7 0 C - R  - 3 2  0 - 2  -30  
127BC-T 0 - 2  - 3  -400 

0270c-13 
027oc-c 
8 2 7 O C - D  
0270C-E 
8270C-F 
8 a 7 0c - €1 
0 2 7 €IC -cP 
027oc-# 
0 2 7 oc-x, 
0270c-fl 
027OC-P 
82 7 OC- W 
0 2 7 O C - T  

-584 
- 4 3 7  
- 3 4 3  
-268  
- 2 1 8  
-125 

-58 
-15 

17 
2 1  
12 
6 

-1 

- 3 8 6  
-304  
-265  
-236 
-19Y 
- 4 2 8  

-62  
-23  

9 
15 
9 
S 
C 

-402 
-293 
-256 
-218 
-1  84 
- 7 2 8  

- 5 2  
- 2 3  

9 
1 6  
10 

6 
0 

-1667'1 
-12632 
-11062 

-9691 
-8060 
-5488 
-2661 

-999 
330 
670 
393 
246 

3 

8157 
18986 
13742 
9990 
73 37 
5334 
2 2 7 9  
- 1  10 

-1037 
-1Y95 
-1181 

-552 
-359 

-30 

-22533 
-18890  
-13603 - 10962 

-8951 
-5402 
-2536 

-751 
621  
8 186 
4 $7 
252 - 26 

-439 
-233 

1 
1 

- 8 1  
-6 
-1 
17 
72 
3 0  
-5 
47 
26 
12 

11853 
18996 
13742 

9990 
7382 
5546 
2723 

532 
-406 
-88 1 
- 5 7 1  

-96 - 20 
- 2 8  

8104 
13899 
11758 

91-78 
7191 
5334 
2279 
-110 

-1045  
-1496 
-1981 

- 5 5 7  
- 3 6 2  
- 1 0 2  

211 - 1 6 6 6 4  -22541 

-118 -11057 - 1 3 6 0 8  
-234 - 9 6 5 0  -11003 
-128  -8042  - 8 9 6 3  

1 -5402 -5rr88 
-8 -2536 -2661 

9 -753 -999 
1 621  3 9 0 

- 1 2  8U7 6-70 
- 15 49 0 39 1 
-15 2 6 4  23nS 
-3 4 '- 2 6 

-14s  -12827 -15835 

IC27ON-A 2 4 9  1 3 2  152 7097 84119 399 0558 6 9 8 8  
12781-EI 3 2 0  6 2 8  Y O 2  9335 -301 97Q5 39 2 
I27OW-C 4 -73  -54 -2806  -732 -259 -780 -2838  
I270N-B -120 -67  - 5 4  -2534 -4369 -168 -2519 - 4 3 8 4  
I298PI-E - 1 6 3  - 2 -la1 -1647 -5382 -3 -1444 -5382 
12i'QEJ-F -1165 - 2 2  -21  -767 -5166 - 1 6  -767 -5166 
1279N-H * 0 - l e  4 -142 - 4 3  - 1 8 3  97 -282 

0270N-B 
027OW-C 
027019-D 
0270N-E 
0270N-F 
02708-6 
027otr -B 
0 2 7 O N - K  
0270N-W 

-426 - 2 9 5  -283  -122Y3 
- 2 2 7  -161  - 3 4 8  -6984 
- 1 5 4  - e 4  - 8 9  -3646 
-136 - 3 9  - 4 0  -1604 
-138 -I Y  -12 -414 
-158 0 -- 4 76 
- 165 - 1  -8  - 18 
- 1 5 2  - 6 3  2 -7 1 
-102 -4 -4 - 58 

-16310 -1698 -12236 
-89 09 89 -6980 
-5700 67 - 3 6 4 4  
-4559 44 -1603 
- 4 2 5 5  -27 - 4 1 4  
-478Q 53 7 7 
-4964 9 3  .." 1 7 
-4593 -202 - 6 2  
-3090 -2 -5 8 

-15317 
-8913 
-5702  
-&559 
-4255 
-4704 
-4966 
- 4602 
-3@96) 



']:'able A. 7 (cont inued)  

OUT-OF-PLANE FORCE X Q A D I E I G ,  FZN, ON NOZZLE ( 8 0  LB) 

I375C-B 
I315c-c 
13 15c-0 
I33SC-E 
I3 t5C-P 
I3 15C-H 
IS15C-3 
I315C-K 
X315C-E 
X315C-F! 
13 15C-P 

319 67 UQO 
214 45 4OQ 
159 21 342 
3 3 4  e 311 
78 - 1  286 
SO -20 214 
7 1  - 6  165 

- 1 1  1 1  122 
-10 4 70 
-17  10 38 
- 1 8  c 3 

9906 
9628 
7811 
6 897 
6156 
4189 
3440 
2943 
1657 
1069 

7 2  

O315C-B -335 
0 3 1 5 C - C  -246 
0315C-D -171 
0315C-E -137 
0315c-F -102 
0 3 1 5 C - 8  -50 

0315C-R -15 
0315C-L -14 
o31sc-a - 1 1  
0 3  15C-P -4 

misc-;9 -27  

-352 
-354 
- 3 2 7  
-299 
-266 
-205 
-138 
-94 
-49 
-24 

2 

- 1 3 4  -13306 
- 1 1 4  -10028 

- 9 3  -8502 
-73 -7332 
- 6 1  -5799 
- 4 8  -4072 
-40 -2946 
- 3 4  -1791 
-24 -1ono1 
- 1 1  -202 

- ~ Q U  -9284 

125niz 
93 07 
7 108 
54161 
4198 
2766 
1355 
5 60 
198 

-195 
-5 15 

-131154 
-10399 
-79929 
-6075 
-5261 
-3235 
- 2 0 4 0  
-1334 

-949 
-640  
-183  

-a435 
-4782 
-427% - 40 36 
-38211 
-31  18 
- 2 2 9 9  - 1487 

-8  8Q 
-367 
- 36 

-2899 
-31 97 
- 2 9 6 9  - 27 4 7  
- 2 5 6 3  
-1911 
-1195 
-7 37 
-198 

5 
173 

5 8 5 1  5597  
4253 4 6 8 3  

1174.5 3 1 7 4  
10287 2092 

9124 1 2 3 0  
6675  279 
4923 - 1 2 "  
3657 -15 
2070 -285 
1168 - 2 9 3  

75  - 5 1 7  

-8500 
-761 1 
-5561 
-4286 
-3533 
-2216 - 1487 
-1061 

-905 
-440 

-19  

-74960 
-134116 
-11652  
- 1 0 2 9 2  
-9060 
-6816 
-4625 
-3219 
- 1835 
- 1 0 4 1  
- 366 

I315N-N -42 -4 - 3 1  -722 -1470 357 -579 -1613 

0315N-3 -272  - 1 7 5  - 2 3 7  
83 1SN-C 0 -7'1 -156 
0315N-D -99 -25 -91 
0315W-E -93  - 3  -36  
Q315N-F -102 0 -12 
0315N-G - 1 1 8  -1 5 
031SN-H -118 -3 3 
0 3 1 5 N - K  -107 -5 - 1  
03 1 5 N - H *  0 -6 1 

-8760 -10798 
-5112 -1533 
-2450 -3767 

-759 -3827 
-145 -3098 

210 -3470 
136 -3509 
-18 -3221 
-123 - 37 

822 -8471 
1058 -0244  
873 - 2 0 0 3  
4 3 9  -577 
156 -137 
-87 212 
- 8 1  138 
-61  -17 
-92 22 

-1 1088 
- 5 4 0 1  
- 4 1 5 4  
-3109 
- 3 3 0 7  
-3472 
-3510 
-3222 
-682 



ROSETTE GAGE'S -- -- -_ 

2 
5 
1 
4 
2 
3 
7 

5 1  
2 

-0  
- 3  

- 1  
3 
0 
1 

- 9  
3 
0 
2 

- a  
u 

- 2  

0 
6 
Q 
3 
2 
0 

0 
- a  
-2 
- 3  
- 2  
- a  
-1 

8 
0 

G A G E 3  
I - __ ~ .* 

6 1  
6 8  
6 8  
5 6  
Y E  
4 6  
Y 1 
47 
4 6  
48 
4 il 

-87 
-73  
-67  
- 6 5  
-5'1 
-- 5 5 
-5Q 
- f i  9 - it 5 
- 5 0  
-s39 

1 1  
3 6  
1 5  
18 
12 
1 

- 3 c  
3 

1 4  
17 
1 5  
1 3  
1 1  
1 

- 1  

TFfANS 
*--I- 

- TO 
- 19 
-15 
- 7 4  

-003 
-965 
-L.+- 

- 88 
100 

P 

120 
50 
154 
107 

29 
-90 
-89 
- 4 0  
103 
.- I T  
42 

39 Q 
1382 
59? 
Y 49 
2 50 

6 

-653 
s 3 
8 1  
03 
36 

1 
-7 

- 34  
-18 

- c r - 7  3 3 

- I .  - 

STRESSES 
.- - ...- ... ..._ .. 

S R E A W  

- ? 6 %  - 182th 
- 1 B I O  
-3564 
--a298 
- 7 2 8 7  
-1138 
- 1270 
-2267 
- ? 2 2 &  
-316'7 

a s  79 
1886 
1859 
1805 
15YQ 
7q40 
9 390 
1288; 
1278 
1301 
I328 

- 5 1  
-720 

- 3 7  
-203 
-16;o 
-12 

75': 
-59  

-332 
- 3 9 8  
- 3 8 9  
- 3 3 8  
-292 - rt3 

14 

P R I W  STRESSES 
...... -_ - ........... - 

1639 -1684 
1864 -1768 
1822 - : 7 9 8  
1547 - 1 9 5 9  
1289 - 3 3 9 4  
1258 - ? 3 ? 0  
1138 - $ 2 $ 8  
1298 - 1 2 8 9  
l2;iiR -1390 
1272 .- 11'79 
1128 -1207 

407 105 
1:101 566 
595 303 
5 6 8  101 
3 5 0  77 
13 - i 6  

- 
4 0 2  -.-;9!3 

T S  - 6 0  
3 5 9  -316 
4 8 5  -331% 
38dE - 3 9 8  
332 -3149 
2 6 2  -317 
23 - 5 5  
-1 -?9  



T O R S I O N A L  ZIQEENT ICADPESG, 

ROSETTE 
------I 

H-9OC-B 
I-9oc-c 
I-90C-D 
T-9BC-E 
E-90C-P 
I: - 9oc -R 

Q-90C-B 
0-90e-e 

Q-9OG-F 
a-90c-R 

T-9ON-P; 
I-9016-C 
x-9ow-z) 
I-90N-E 
1-98%- 
I - Q O N -  

0-40N-8 
0-90N-C 
O-!ION-D 
a-90N-E 
0-98N-P 
0-9ON-FB 

GAGE1 
--e...- 

5 
5 
3 
Q 
2 
3 

0 
4 
3 
5 
3 
1 

- 1  
- 1  
0 

- 1  
- 1  

- 1  
1 
3 
2 
2 
0 

GAGE2 GAGE3 
---a- 

$6  
a 
ti 
5 9  
58 
39 

-4 
-7  
-76 
- 6 9  
- 6 6  
-50 

0 

I 
12 
6 
8 

-35 
-4 

7 
2 

1 2  
- 1  

- -- - - 
- 6 5  
-ao  
-64 
- 6 2  
-56 
-49 

50 
6 3  
613 
5 9  
64 
44 

- 1  
-26  
- 1 3  

- 9  
- 1  

0 

319 
-2  

- 1 4  
-17  - 12 

0 

TRANS 
--e*- 

25 
3 

18 
-188 

27 
-237 
-226 
-22  
-4 

- I 4 1  

- 10 
-471 

1 
112 
114 

5 

-26 
-127 
-142 
-1  18 
- 3 1 9  
- 14 

STRESSES -------- 
LONG ---- 

158 
7 52 
96 
-6 
71 
15 

8 
53 
42 

1 IO 
7 

- 22 

- 37 - 133 
-1.2 

21 

- 
-26 - 22 
48 
3% 
25 

- I4 

10 -7 -&O 
404 
3 37 
2 57 32? - 1 9 s  

8 IC; 2 
5 

-924 897 - 8 5  - 33 - 1 2  -13-7 
21-79 24-7 - 3 Y 2  
392 358 -440 
381 341 -435 

- 9  - 5  -23 
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Table A.8 ( c o n t i n u e d )  

- 

% 
5 
5 
1 
2 
0 

6 
4 
5 
4 
3 
7 

0 
- 2  
- 1  
0 
1 
0 

- 2  
1 
2 
2 
2 
0 

G A G E 2  ----- 
- 6 3  
- 6 9  
- 6 1  
- 6 3  
- 5 7  
Y 5  

8 0  
6 8  
67 
6 3  
6 2  
4 3  

- 1 6  
-17 
- 1 9  

6 
-3 
0 

1 8  
C 

- 1 Q  
- 1 6  
- 1 6  

- 7  

G A G E 3  - *- - ... 
66  
69 
65 
6 1  
5 5  

- Y 6  

- 9 9  
- 6 9  
-70 
- 6 6  
- 6 4 
- 5 0  

-57 
-7 
- 1  

3 
Q 
0 

-16  
2 
5 

15 
1 3  
- 1  

TRAYS ----- 
4s 

- 26 
77 

- 33  
- 18 
- 2b 

-222 
- 16 
-8% 
-58 
- 54 

-150 

-744 
-517 
-318 

61 
- 8 3  

6 

5b 
45 

-2 16 
-25 
-72 
- & a  

LOXG 
-,+....- 

245  
1 5 3  
168 

10 
Y0 
-8 

1 O Q  
1 old 
115 
1 1 7  
83 
160 

- 2 2 4  
- 2  86 
-118  

9 
2 

-5 

- @Q 
53 
8 

5s 
(54 

- 9 9  

SHEAR 

-1718 
-1838  
-1631 
-1650 
-11196 
12 15 

2253 
1827 
5829 
1920 
1682 
1242 

12 
-137 
-179 
- 33 

-167 
-6 

45s 
- 28 

-254  
-4 2a 
-394 

9 

1866  - 1 5 7 6  
1904 -17'77 
18016 -1559  
1638 - 4 6 6 1  
1 5 1 1  - 1 4 8 1  
1 1 9 8  - 1 2 3 1  

2201  - 2 3 1 8  
1872 -1783 
1848  - 1 8 3 4  
7748 - 1 6 9 4  
169-7 . -7668 
1257 -72ir6 

-22a  -7SE6i 
-654 - 5 6 8  

-13 -423  
80 - 1 0  

1 3 2  - 2 1 3  
9 - 8  

465 - 4 5 4  
78 20 

158 -3844 
440 -411 
384 -413 
-16 - 4 s  



Table A. 8 (cont inued)  

T O R S I O N A L  MORENT L Q A D I N G ,  tlXC, ON C Y L I N D E R  (40000 I N - L B )  

I 2 7 0 C - A  

H270C-C 
I278C-D 
I 2 7 0 C - E  
12706-F 
T27QC-H 
I270C-J 
T2'BOC- 
I2 7oc- L 
I270C-i3 

0270C-B 
0270C-C 
0270C-D 
IP270C-E 
027062-F 
O270C-W 
027oc-9 
0270C-K 
027oc-L 
027oc-# 
027OC-P 
270C-R 
274)C-T 

I270N- 
1270N- 
I270N-C 
1270N-0 
I270N-E 
I270N-P 
I270N-N 

Q2?0N-E? 
0270N-C 
0270N-D 
0270N-E 
0270N-P 
027ON-G 
0270H-8 
0270V-K 
027OW-N 

-9 
1 

- 1  
-1 

1 
1 
0 
5 
0 

- 3  
- 4  

2 
0 

-1 
-4 

2 
1 

- 1  
- 2  

1 
4 
3 
1 

-5 
1 
2 

-7 
8 
9 

10 
7 
5 
0 

0 
- 1  
-2 
-1 

0 
1 

-1 
-1 

0 

5 1  
69 
7 6  
69 
6 4  
59 
54 
47 
42 
49 
4 %  
46  

0 
47 

-80 
-69 
-67 
-67  
- 6 3  
- 5 7  
-54 
-47 
-53 
-47 
-48 
-48 
- 5 3  

11 
40 
31 
27 
2 4  
19 
-1  

-37 
- 2  
1 2  
1 6  
14 
12 
11 

2 
1 

-33 
-67 
-71  
- 6 4  
- 6 0  
-5%; 
- 5 1  
-49 
-45 
-42 - 42 
- 47 
-47 
-44 

89 
72 
67 
65 
64 
5 9  
58 
5 5  
51 
5 0  
4 9  
49 
44 

3 9  
31 
20 
11 
7 
3 
0 

3 4  
7 - 10 

- 1 5  
-12 
- 1 2  
-11 

-1  
- 1  

TRANS 
."-I-- 

403 
30 

104 
119 

9 4  
6 
62 

-49 
-74 
150 
136 - 36 

-1045 
50 

183 
60 

2 
-54 

25 
57 
80  

173 
- 55 
58 
31 
4 

-199 

1093 
1557 
1118 
827 
659 
481 
-13 

- 77 
-18 
48 
20 
45 

3 
- 3 5  

24 
-8 

-145  9921 
4 18 13 

1s 1772 
54 1660 
97 1540  
32 1398 

123 1273  

-45 6204 
- 8 8  11'39 
116 1290 

-25 6 3 3  
15 1209 

13 -2253 
-107 -1880 

49 -1790 
6 -1752 

-12 -1684 
- 2 9  - 1 5 4 8  

40 -1488  
166 -1369 

60 -1291 
-132 -1287 

19 -1292 

3u -1385 

-2 -1282 

110 - 3 6 2  
7 22 1 19 
611 139 
540 203 
396 2 25 
294 205 
-4 -7 

-19 -939 
- 37 - 34 
- 3 9  2 88 
-31 4ou 

9 354 
1% 3 15 

-29  2 93 
- 15 48 - 15 25  

S f G H X  
----.,3- 

1283 
1853 
24310 
1840 
3735 
a 594 
1445 
11313 
1113 
1260 
1228 
1283 

93 
1242 

2352 

1815 
1728 
1691 
1563 
1548 
1539 
1401 
1350 
1240 
1303 
1185 

1212 
1573 
1153 

932  
7 8 8  
613 
0 

8 9 2  
14 

296 
399 
35 1 
326  
27 1 

56 
14 

I 8 5 8  

s1e;nfJ 
- - - P I  

-10259 
-1774 
-1917 
-1706 
-1586 
- 1 4 8 6  
- 1 3 5 2  
-1239 
-1218 
-1155 
-1179 
-1202 - 1397 
-1177 

-2157 
-1905 
-1764 
-71777 
- 2 6 T 8  
-1535 
-1428  
-1199  - 7 373  
-1232 
-1340 - 1280 
-1386 

-9  
705 
575 
4 3 4 
2 6 7  
162 
-17 

-988 
-60 

-286 
-410 
- 3 2 8  
-305  
-316 
-47 
-37 



Table A, 8 (conti-nued) 

2 
16 
23 
3 0  
34  
Y2 
47 
SY 
5 5  
5 5  
c,s 

27 
3 4  
ci.l 
43 
4 6 
S f  
54  
57 
57 
5 9 
4’5 

1 

6 
0 

-17 
- 2 3  
-25 
- 2 3  
-18  

- 5  
0 

- 6 7  
-58 
.- 58 
-48 
-14 1 
- 3 c  
-32 
-38 
- 2 5  
- 3 4  
- 2 6  

- 2 7  
-2u 
-29 
- 2 1  
- 2 1  
- 2 1  
- 2 5  - 25 
-29  
- 3  1 
- 3 3  

cl 

- 3  
23 
2 3  
26 

0 
10 

9 
- 1  
- 9  

- s9 
- 5 0  

- 4  5 
-39  
-41 
- 3 4  
- 2 7  
- 3 3  
-24 
-2-7 

- 1 8  
- 3 7  
-78 
- 1 9  
-19 
- 2 4  
-2 1 
-24 
- 2 8  
-28 
-24 

Q 

e 
2 5  

2 3  
16 
9 
5 

- 2  
0 

-- Q j 

2 8  

-2787 
-2376 
-2059 
- 1998 
-1r?OY 
- 1  5Q5 
- 1 [ i l ?  
- 9 1193 
-1354 
- 1 3 2 9  
- 5 2 3 3  

-1016 
- 3 3 0  
-892 
-935 
-9  39 

-10420 
-1066 
-9157 
- 1 3 2 1  
-2353 
-1316 

2 

94 
1658 
1239 
1 088 
372 
447 
322 - 5u 
- a  7 

- 7 6 8  
- 2 3 9  

6 6  
2 9 8  
4 6 3  
773 
9 55 

11-77 
1 2 3 2  
I 2 6 4  
1285  

5 1 1  
751 
9 50 
995 

1099 
1 2 1 4  
93  13 
1358  
13216 
1358 
1 4 2 8  

18 

200 
3 1 7  - 148 

-355 
-6  27 
- 5 0 3  
- Q 3 8  - 132 

-Eo 

- 1 U Q  
-105 
- 1 0 0  
- 9Q 
- 29 
143  
30 

- 1 Y Q  
108 

-135  
5 

-320  
-95 
- 39 
- 22 
- 2 1  
35 

-413 
-ICs 
-7 

-32 
-125 

1 

- 1 8 9  
- 3 1  
- 1 8  
1.68 

- 2 8 9  
5 
45 

8 
-7 

- 7 6 4  -2787 
- 2 3 3  - 2 3 8 1  

7 1  -20648 
3 0 2  - 1 9 9 4  
4 6 3  -18’00 
782 - 1 6 0 3  
956 - 1 5 3 1  
1184 -1531 
1237 -1359 
1271 - 7 3 3 6  
1286 -1233 

520  - 1 0 2 5  
754 - 9 3 5  
957 -893 
995 - 9 3 5  

1898  - 9 9 9  
1215 - 1 0 4 6  
131Q -*106@ 
1358 -1157 
1324 - 1 3 2 1  
1359 - 1 3 5 3  
1U34 - 1 3 2 2  

18 2 

305 - 1 2  
1059 3 1 6  
I239 - 1 4 8  
1884- - 3 5 6  

4 1 5  - 6 6 9  
447 -583 
324  - 4 3 3  
-5Q -172  

- 6  - 2 9  



1- 0-c-s 
P- i?-c-c 
1-0-c-9 
I-0-C-F 

I-0-c-J 
1-a-e-K 
4 - e-e: - L 
I-0-c-E 
E-0-C-P 

O-@-C-B 
0-8-c-e 
0-64-e-D 
0-0 -a=-E  

0 - 0 -c - R 

7 
1 

- 2  
- 1  
4 
4 
3 
3 
2 
3 
4 

Qi 
1 

-4 
-3 

7 
0 

- 2  
a 
a 

- 7  ..I 

- 2  

263 
235 

368 

298 

- 2  - 56 8 
-1 -12 2.7 
- 1  - 4 1 2  - 1 0 3  
- 3  -132" -72 
- 2  - 29 108 
- 1  -39  95 
0 -49 Td 

- 2  -40 -70 
0 9 62  

- 2  - 87 
- 2  - 97 

-46  
-a 
95 266 
45 255 
16 
16 
58 
46 3 9 3  
33 323 
3 1  29 2 
9 3Q 2 

26 
2 4  

-41 

4 2  
18 - 24 
30 

5 
- 1 3  

7 

1-7 -66 
39 - 2 4  

-67 -149 
-711 - 1 3 3  
719 -4 1 

9 8  -4 1 
80  -53 
7 8 
6 3  9 
49 -98 
8 2  - 997 

0 7 297 9 -9 293 89 
4 3 7 2 09 182 -58 255 1 5 6  
5 2 5 1 4 3  1 a5 - 36 28 6 122  
6 2 3 113 207 - 2 1  2 1  1 a or 
5 2 3 93 180 - 1  82 91 
3 3 2 102 11s 2 30 88  

8 - 8 - N - B  
0-G-H-C 
0 -0-Ps- D 
0-0-M-e 

-0-N-F 
0 - 0 - N - G  
0- 0-rr - H 
0 - 0 - N - K  
0-0-I?-l 

6 
5 

5 
1 

- 3  
- 1  

8 
-2 

10 
9 
7 
4 
2 
8 
0 

- 3  

2 88 
3 23 
2 08 
11s 

13 
3 
0 

-32 
-117 

267 -86  
27 1 - Y7 
184 -68  
180 - 4 1  
29 - 33 

6 
- 19 7 
-10 - 1 1  
-95 6 

3 6 5  19 1 
350 24rs 
257 1 3 5  
200 45 

5 2  -15 
3 -F37 
0 -20 

-5 - 3 6  
-94 -1113 



I-9oe-s 
F-90C-4: 
T-98C-D 
I - 9 0 c - E  
1-9oc-P  
1-9OC-8  

8 - 9 0 c -* B 
8-9oc-c 
6 - 9 0 C - B  
0 - 9 0 C - E  
0-9oc -F 
0 - 9 Q C - R  

T - 9 0 N - 8  
I - 9 Q N - C  
I - 9 0 N - D  
I - 9 0 N - E  
I - 9 0 N - F  
I - 9 Q N - W  

0 - 9 O H - B  
0-90w-c 
0-908-D 
0 - 9 0 N - E  
0 - 9 0 N -F 
a-9owW 

9 
8 

18 
1 1  
12 
26  

0 
- 1  

0 
1 
2 

22  

3 
3 
2 
2 
2 
3 

8 
- 9  
4 
1 
1 

-9 

-2 
- 6  
- 6  
- 6  
- 6  

- 5 5  

-8  
- 9  

- 1 1  
- 1 3  
-16 
- 59 

c 
2 
3 
4 
4 
3 

- 3  
- 2  
-2 
0 
8 

- 1  

0 -58 
- 3  -201 
-4 -235 
- 2  -18-7 
-4 -244 

-50 -2337 

-7 -319 
- 9  -382 

-10  -455 
- 1 3  -557 
- 1 6  -689 
-67 -2760 

0 -5 
2 67 
3 126 
4 192 
5 197 
2 125 

- -149 
-2 - 88 
- 3  -121 
0 -5 

- 1  - 26 
0 -20 

LONG 
^--I 

252 
18 
2 3 1  
2 80 
3 01 
89 

-96 
- 1 4 8  
- 1 3 2  
-139 
-137 
-1 64 

97 
112 
109 
132 
7 32 
131 

- 49 
-51 

7 3  
36 
17 

- 32 

SHEAR 
-e--- 

-3% - 34 
- 2 1  - 42 
-21 
- sa  

-7 
3 

- I O  
3 
2 

110 

2 
a 
-7 

0 
-9 
15 

9 
-5 
I 1  
5 
9 

-& 

255 - 5 1  
192 - 2 O Q  
2 3 2  -236  
2 8  -1911 
302 -245 
98 -2339 

-96 - 3 1 3  
-140 - 3 8 2  
- 1 3 2  -455 
- 9 3 1  - 5 5 7  
-137 -689 
-159 -27785 

97 -5  
912 57 
129 107 
192 1 3 2  
392 131  
143 1 1 %  

-48 - 1 4 9  
-5-4 ' -89 
74 - 1 2 1  
3-7 - 5  
19 - 2 7  

-19  - 3 4  



1 5  3 

Table A. 9 (continued) 

OUT-OF-PLANE N O B E N T  L O A D I N G ,  HYC, ON CYLINDER (40000 IN-LB) 

I180C-B 
I18OC-t=: 
I1 80C-D 
118OC-E 
3180C-P 
I18OC-S 

018OC-B 
0 180C-c 
Ol8OC-T) 
Q180C-E 
0180C-F 
Ol8OC-S 

118QN-8 
I1 8ON-C 
f lPQN-D 
IlBON-E 
I f  8QN-F 
X 1 8 0 ' N - N  

, 

0180N-B 
0 18ON-c 
0180N-FB 
0180N-E 
Ot8QW-F 
0 180N-N 

3 
5 
7 
9 
7 
a 

11 
11 
11  
11 

9 
7 

2 
6 
6 
6 
7 
6 

7 
7 
8 
6 
6 
1 

a 

a 
a 

a 

6 
6 

1 1  
10 
8 
7 
7 
E 
3 

2 
7 
7 
0 
5 
7 

10 
0 
10 
8 
7 
2 

2 
2 
4 
3 
4 
5 

8 
7 
9 
7 
7 
7 

- 1  
3 
3 
2 
4 
6 

9 
9 
7 
6 
7 
1 

TRANS ----- 
212 
192 
2 60 
2 38 
22Q 
234 

404 
347 
3 50 
300 
291 
238 

10 
221 
2 01 
45 
194 
28 1 

4 16 
186 
366 
307 
282 
62 

LONG S H E A R  

143 86 
216 68 
282 50 
3 36 57 
292 30 
312 2 

465 38 
4 42 41 
437 - 20 
4 07 5 
3 67 1 
267 - 28 

51 33 
241 117 
245 55  
202 -31 
256  2 
275 

3 27 8 
260 -617 
3 40 28 
277 le3 
2 56 1 

61  12 

S Z G U X  
-e--- 

27 0 
27 3 
3 2 2  
362 
30 3 
3 1 2  

477 
45-3 
y.4 1 
407 
367 
285 

69 
279 
282' 

256 
282i 

417 
346 
384  
315 
28 2 

7 4  

SIGNN 
--e-- 

8 5  
1 3 5  
220 
212  
212  
2 3 4  

39 2 
332 
3 4 6  
300  
29 1 
221 

- 8  
183 
16& 

39 
1 9 4  
273 

325 
100 
322 
268 
256 

5 8  



1 
2 
1 
0 

- 2  
-2 
- 5  
-8 
-6  

- 1 Q  
*. 1 6 
-78  
... 9 8 

0 

1 z 7 0 - A G 
T 2 '1 u w  - B 8 
1:270w-c 7 
-I 2'9 OH -D 5 
?: 2 7 0 N - E 3 
T270d-;B 3 
1270%-X 0 

20 
20 
18 
20 
2 1  
2 3  
25 
32 
40 
4 8  
49 
68 

6 
0 

19 
19 
26 
18 
2 1  
2 :s. 
36 
37 
47 
59 
6 8  
70 

sl 

26 
1 5  
92 

e 
'4 
3 
2 

9 
4 
4 
3 
3 
3 
2 
3 
0 

26 
2 1  
2 0  
2 1  
24 
2 4  
2 5  
30 
38  
4-9 
56 
6 2  
53 

;a 

15  

2 1  
2 2  
26 
2 4  
29 
3 8  
5 1  
57 
6 U  
68 

2 

2 '7 
1 7  
1 2  

6 
5 
4 
1 

8 
5 
4 
3 
3 
3 
2 
2 
1 

i a  

LO MG -- -- 
329  
343 
279 
268 
238  
233 
182 
181 
3 3 4  
196 
228 
3 31 

- ? 06 
23 

3 6 6  
3 3 0  
368 
3 3 4  
2 85 
2 55 
2 9 3  
3 6 2  
3 93 
4 76 
4 78 
IE 9 3 
215 

334 
3 6 8  
370 
233 
140 
119 

25 

1-73 
182 
185 
1 8 7  
183 
1-73 
186 
155 

7 1  

S T G X Y  
* - - m  b 

3 2 1  
342 
278 
267 
2 3 6  
232 
182  
180 
3 3 3  
195 
224 
329 

- Q 8 1  
-. 1 5 

364  
3 3 0  
367 
3 2 8  
289 
2 5 5  
27 3 
3 6 %  
387 
4-76 
477 
(E32 
'1 I %  m r ,  

3 3 q  

467 
3 7 0  
2 3 3  
15'3 
118 

2 1  

I f 2  
182 
7 60  
1 5 0  
1 i39 
127 
45 

i o 2  
2 7 

- ,* 
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ROSETTE 
-L--.a...-... 

1315C-B 
1315C-C 
I31SC-D 
I 3 1 5 C - E  
I31SC-F 
1315c-hi 
131%-J 
1315C-K 
J 3 15C-1, 
T31SC-M 
r 3 1 5 G - P  

0315c-I3 
Q31SC-6: 
8315C-D 
031%-E 
0315c-P 
0395c-8 
6431%-J 
0315G-R 
Q315C-L 
Q315C-#  
03 15c-P 

03151dr-Ei 
0315H-@ 
03158-D 
Q315N-E 
C 3 1 5 N - F  
Q31SW-G 
03 ISH-H 
o3a5w-K 
B31SN-N 

-I--- 

6 
6 
6 
9 
9 

’14 
13 
18 
20 
29 
3 2  

3 
4 
5 
bB 
8 

9 1  
1 2  
2 2  
2 8  
3 1  
35 

4 

- e  

- 1  
1 
6: 
a 

0 

----- 
18 
17 
17 
18 
2 1  
2 5  
3 1  
35 
9 5  
5 1  
67 

-6 
-4 
-4 
- 5  
- 2  
- 1  
-3 
3 
2 
0 
2 

9 

- 1  
2 
0 
3 
6 
1 
3 
1 

- 3  

G A G E 3  
1 -- - - 

7 
4 

0 
1 
2 
1 
0 

- 2  
- 5  
-6  
-10 
- 1 9  

14 
15 
16 
17 
2 1  
2 4  

n)2 
53 
6 0  
76 

3 

9 
1 
0 

28 

.. 
3 
a 

- 3  

TRANS 
----e 

459 
3 44 
396 
4 27 
Q73 
4511 
ti I”? 
6 44 
845 
853 

1207 

19 a 
23 
249 
245 
Y O @  
lg95 
533 
96 1 

1467 

3 58 

98 
’g 
17 
86 

3 - 17 
142  

35 
- 1  as 

LOMG 
c- -4 

3 06 
2 89 
3 10 

482 
57-7 
7 34 
8 6 3  

11132 
7318 

9 4 3  
9 86 
215 
194 
352 
479 
506 
9 45 

13 13 
1543 

9 5 5  

-52  
23 - 36 
69 

919  
38  

132 
25 

- 3 6  

990 
‘E 16 
2 2 1  
226, 
262 
328 
4839 
5 27 
676 
8 13 
I040 

-269  
- 2 5 1  
-271 
-290 
-297 
-338 
-4 09 

-672 
- 2  96 
-980 

8 

- 3  2 
1 
- 2  
3 

2 
Y 

4 
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'L'a'bLe A. 10. 111-plane moment loading, MZC, on cy l inder  
~- - 

T U - P L A N E  EOIOMENT LCADING, H Z C ,  Ip CYLSNEER (40000 IN-ZB) 

20 
2 

- 1 9  
- 4 6  
- 6 6  
-74 
-76 
-77 
-7 8 
- 8 0  
- 8 2  

-59 
- 6 8  
-75 
-73 
-77 
-04 
-84 
-9  3 
-no  
- 8 8  
-93 

0 
8 
4 
3 

-ria 
3 

16 
27 
2 9  
27 
23 
17 
17 

0 
1 

2 2  
13 

8 
4 
4 

- 1  
- 1  

1 
2 
4 

11 

- 2 5  
- 3 9  
-24 - 39 
-13 

- 5  
- 7  
-4 
- 6  
-7 

- 1 0  

7 
54 
5 4 
46 
3i? 

3 

-2Q 
-28 
-24 
-2? 
- 16 

- 9  
- 6  

1 
0 

15 
7 
5 
4 

- 9  
1 
4 

10 
7 
3 
zd 

- 26  
- 2 1  
-17 
-'13 

- 8  
- 9  
- 2  
-6 
- 3  
-7 
- 3  

2 1  
5 5  
5 8  
3 9  
4 4 
2 

- 2 2  
- 2 7  
-22 
- 1 8  
- 1 5  
-9 
- 8  

I 

STRESSES P R I N  STRESSES 
.," - 16 --.." - -------I----- 

7 96 850 
10 38 205 
304 -467 
220 -1302 
lac3 -1934 

83  -2206 
147 -2227 
327 -2216 
281 -2258 
355 -2303 
42? -2333 

-1047 -2097 
-800 -2290 

-619 -23-75 
-377 - 2 4 2 1  
-267 -2570  
-117 -2561 
-199 -2752 
-102 -2683 
-194 -2695 
-18Y -284'1 

-826 -2509 

6 26 198 
2392 951 
2456 860 
1868 6 4 9  
1793 454 

111 122 

-101s 183 
-9220 456  
- 1 0 3 1  9466 

- 8 8 8  5 30 
-723 4 8 3  
-4 1'1 399  
-320 4 08 

45 1 3  
0 9 19 

SHEAR 
e--....- 

87 
80 
43 
8 

6 8  
- l a  
-77 

-128  
-78 

82 
97 

11  
32 

- 8 8  
-79 
-60  

54  
- 6 1  

19 
- 3 @  

2 
-103  

*- 180 
- I &  
- 46 
8 3 

.- 74 
7 

- 3 3  
- 3 5  
-24 
- 36 
-a6  

l i  
I9  
-4 
- 2  

915 732 
4 6 3  181  
386 - 4 6 9  
220 - 1 3 0 2  
1 4 5  - 1 3 3 4  

8 &  -2286 
149 - 2 2 2 9  
333 - 2 2 9 6  
283  - 2 2 6 0  
3 5 3  -2306 
4 3 1  - 2 3 3 6  

- 1 0 4 7  -2097 
-800 - 2 2 9 1  
- 8 2 2  -251ar 
-616  - 2 3 7 9  
- 3 7 5  - 2 4 2 2  
-205 -2577 
-916 - 2 5 6 2  
-119 - 2 7 6 3  
-101  - 2 6 8 3  
-194 -2s95  
- 1 8 0  -28Qi.5 

690 123 
2392 951 
2Q57 859 
1874 6 4 3  
17.98 4 9 0 

125 108 

188 - 1 0 1 6  
456 - 2 2 2 0  
556 - 7 0 3 2  
531  -881) 
Q8ca - 7 2 Q  
460 - 4 ? 8  
409 - 3 2 1  
45 1 3  
13 9 



1 8 - P L A N E  MOFIENT LCADHNG, iSZC, OW CYLINQER (40660 TN-ZB) 

R I C R O -  ST R A I N  STRESSES PRIM STRESSES 

I - 9 O C - 8  19 - 1 0 9  -104 -4700 -835 -72  -834 -4783 
I-9OC-C 18 -93  - 8 5  -3921 -644 -103 -fit811 -3924 

24 -77 -67 -3188 -226 -123  -220 -3193 
26 - 7 0  -62 -2927 -96 -109 

IC-BOC-R 2 S 3 193 116 34 

I - 9 O C - 0  2 1  -84 - 7 7  - 3 5 6 3  -429 -102 -426 - 3 5 6 6  

0-9oc-8 0 -78  -58 -2989 -897 -257 -866  - 3  
-90C-e -4 - 6 7  - 6 2  -2520 -96% -68 -960 - 2  
-9OC-D - 2  -63 -6 -2706 -859 -28 -858 - 2 7 0 7  
-90C-E 2 - 5 5  - 6  - 2 5 7 0  -70% 79 -7851 -2573 

8-9OC-1F” 7 - 5 9  -6ro -2715 - 6 0 3  56 -682 -2787 
0-9oc-R 0 - 2  -1 - 74 -9 - 3 1  -76 

-8  -139 - 1 3 8  -6087 -2672 -19 -2072 -6 - -93 -87 -3962 -6315 -63’83 - 3  
- 1  - 2 8  - 1 1  -664 -773  - 1 2  -584 - 

1 - 9 0 N - E  -1  -9 - 2  -213  -6 - 8 5  - 1 9 6  -622 
-P -24  - 4 7  - 4 2  - 

3 3 3 

0-9ow-8 3 1  - 9 2  - 59 
Q-90W-@ 18 2 1  -5 

30 3 55 28 12561 3 5 4  
29 87 22 1123% ’97 

a-9QN-P -20 2 3 0 0 3  -2gw 24 9004 - 2 9 8  
cI-9OH-B 1% 0 13 6 1 7 16 1 



1-58 

'Table A.10 (continued) 

1 Q 
-4 

- 2 2  
-3'3 
-45 
-78 

-53 
-69 
-69 
- 7 2  
-7 
-89 

78 
8 
18 
6 
7 
6 

19 
29 
29 
27 
22  
0 

24 
16 
1 1  
10 

6 
2 

-23 
-20 
-18 
-16 
- 1 5  

2 

63 
5 7  
Y R  

0 

5 

-25 
0 

- 2 1  
-16  
- 1 2  

0 

3a 

8 
3 
1 
1 
1 
3 

-20 
-15 
-15 
-13 
-10 

- 3  
d 

6 8  
62 
54 
116 
3 0  

5 

- 2 8  
- 3 0  
- 3 8  
- 2 3  
- 1 8  

TRANS 
I---- 

690 
424 
29 1 
28 1 
200 
178 

- 86-7 
-694 
-6 46 
-563 
-502 

90 

2860 
2613 
2243 
9 85 

1655 
200 

-118Q 
-687 
-1150 
-887 
-669 

LO MG - - -*.. 
620 

9 

-1024 
- 1 2 8 1  
-2275 

-20 25 
- 2 2 6 4  
-2257  
-2330 

-559 

-263 -2364 
1398 
1037 

392  
473 
7 18 
230 

215 
6 6 3  
518 
532 
458 

S H E A R  ----- 
2 1 3  
194  
140 
115 

62 
- 9 1  

-42 
-65 
- 48 
- 3 3  
- 76 

68 

-74 
-40 
-75 

-607 
- 1  

2 

34 
393 
113 
84 
79 

c -5  -2  -4 

875 445 
494 - 4 1  

2 9 %  -1034 
202 -1283 
1-78 -2275 

3 1 4  - 5 8 1  

-866  -2027 
-691  -2267 
-645 -2259 
- 5 6 3  - 2 3 3 0  

92 -2638 

2864 1387 
2616 1034 
22887 '353 
1395 73 
1665 718 

2 3 0  200 

216 - 1 1 8 4  
771 -795  
5 2 s  -11SR 
537 -892 
(673 -674 

1 - 9  



-50  -2323 
- 4 3  -1327 
-35 -1473 
- 1 2  -52 

0 3 
6 8  26t3.0 

5.' '5- 
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‘rab le A. 10 ( cont inued ) 

1 3  15c-fa 
I315C-C 
T315C-B 
I315C-E 
1315C-P 
I3 1sc-8 
I315C-J 
I3 15C-K 
I 3  15C-Z. 
I31SC-PI 
I315C-B 

0315C-8 
S31SC-C 
0315C-D 
0315c-E 
031sc-P 
031SC-H 
0315c-3 
6315C-K 
0315c-I, 
031SC-PI 
03 15c- P 

T315W-N 

0 3  15w-E: 
8 3  1SN-C 
0395N-D 
0.3158-E 
031SN-F 
0315NAG 
(9315N-YZ 
0315N-K 
0 3 -I 5 w - w 

1 1  
1 

-? 
-93 
-18 
-17 
-26  
- 3 5  
-27 
- 3 0  
-18 

-34 
-40 
-38 
- 3 8  
-37 
-35 
-34  
- 3 0  
-38  
-26  
-15  

3 

27 
0 
14 
7 
2 

- 1  
2 
0 
6 

-IO6 29 
-98 3 5  
-814 34 
-8Q 31 
-77  32 
-77 25 
-7  3 25 
-63 26 
-63 19 
-5.3 18 
-43 13 

35 -124 
28 -133 
26 -113 
2.0 -108 
17 - 9 0 5  
14 -99 
72 -819 
14 -83 
18 -75 
14 -67 
1 1  -50 

19 3 

1 1  -66 
-4 -5 
-7 1 3  

- 1 1  17 
a 18 

- 1 9  73 
-7 15 
-2 3 

0 - 1  

-1710 
-1372 
-1143 
-3146 
-977 
-1116 
-1026 
-867 
-9 52 
- 7 3 5  
-64 1 

-1919 - 1824 
-1878 
-1883 
-1895 
-1835 
-3614 
-1474 
-1212 
-1103 

- 8 5 5  

134 

-1232 
-284 

111 
142 
ie 00 
39 
159 
29 

-11  

-688 -1793  
-395 -1786 
-546 -1609 
-728 -1525 
-838  -1457 

-1101 -1304 
-1307 -1239 
-1081 -1090 
-1123 -957 
-735 - 9 3 4  

- 8 4 1  -1359  

-1592 
-1753 
-17115 
-1705 
-1683 
-1604 
-1496 
-1335 
-1266 
-1105 

- 7 0 3  

21 12 
1881 
18Q6 
11722 
1637 
1504 
1330 
1286 
1234 
1112 
8 15 

1314 1 1  

444 1025 
-61 19 
46Y -269 
246 -373 
183 -2104 
-12 -324 
118 -290 
20 -59 
- 3  12 

999 -2897 
968  - 2 7 3 5  
792  - 2 4 8 1  
603 -2477 
552 -2366 
387 -2344 

1-71 -2346 
76 -2189 
47 -1908 
(s8 - 1 4 2 4  

241 - 2 3 6 8  

362  - 3 8 7 Q  
93 -3670 
5% -3445 

-59  - 3 5 1 8  
-lib8 - 3 4 3 8  
- 2 1 1  - 3 2 2 8  
- 2 2 ~  -2886 
-117 -2692 

-5 -21973 
8 -2296  

39 -1597 

148 124 

9 3 0  -1717 
-59 -207 
609 -34 
571 - 1 8 3  
5 5 4  24 
338 - 3 1 1  
429 -953 
94 -45 

6 -20  



16.1. 

Table A.ll. Axial force,  Fxc, on cyllnd-er 

A X I A L  FORCE L O A D I N G ,  FXC, CI G Y Z X N D E R  (l0ooa La) 

I-0-@-8 
'Is-0-c-c 
I - 0 - C - D  

. 1-0-e-P 
I-0-C-H 
P-0-c-J 
I-8-c-K 
H - I) -c-% 
I-0-c-# 

I-0-C-S 

8-0-C-B 
0-0-C-C 
0-0-C-D 
0-Q-C-E 
0 - 0 - C - S  

-6-C-J 
0-0-C-K 
0-0-c-&, 
0-0-C-M 
0-8-c-P 
0-0-c-s 

- 5  1 1  
7 18 
19 2 4  
30 33 
37  37 
37 3 8  
3 6  38  
38 38 
35 43 
35 38 
31 36 

2 1  
20 -5  
18 -14 
18 -18 
25 -23 
27 - 3 1  
28 -30 
36 -31 
29 -3c" 
26 -30 
20 -26 

1 1  1999 5 
19 802 4 53 
25 1060 902 
31 1385 1305 
38 1602 1577 
39 1645 1614 
37 1606 1552 

39 1713 1574 
39 1666 1558 
35 1525 3386 

3a  1628 1623 

5 
-5 

-10  
-16  
- 2 4  
-25 
- 3 0  
- 3 6  
- 3  3 
- 2 9  
-3 1 

177 
-274 
-535 
-768 - 1060 

-1270 
-4341 
-1390 
-1374 
-1317 
-1266 

6 82 
503 
3 7 1  
299 
425 
4 18 
t932 
493 
451 
378 
2 12 

-5 499 5 
-24 804 456 
- I f  1061 9 0  

21  1 3 9 0  1 2 9 9  
-lice 1605 1574 
-12 1649 1610 
20 1633 45 

2 1629 1 6 2 2  
24 1737 1 5 7 0  

-75 668 6556 
9 525 1385 

-15 

- 48 
-34 

'41 
-141 

1 
-7 
3 

-9 
66 

682 177 
S O Y  -275 
334 -537 
300 -769 
42s  -10% 
Y22 -1274  
432 -1341 
rr93 -1390 
451 -1374 
374 -1317 
245 -1269 

I-0-N-B e 9 0 145 44 96 198 -9  
T-0-N-C 13 -19  -22 -867 142 61 146 -891  
I-0-N-n 12 -25 - 2 3  -1158 22 31 22 - 1 3 5 9  
r-8-N-e 1 1  - 2 3  - 1 8  -923 62 -66  66  -927 
1-0-N-F 13 -20  -23 -959 IO3 42 105 -961 
I -O-N-N[  3 3 3 113 129 -4 130 112 

0 - 0 - N - B  
0-0-N-t  
0 - 0 - N - D  
0 - 0 - N - E  
0-8-N-F 
0-0-PI-G 
0-0-N-8 
0-0-N-K 
0-0-I-I 

a 
4 
2 
0 

- 1  
-4 
-4 
0 
0 

10 
1 4  
13 
12 
10 

7 
5 
0 

- 1  

1 4  517 3 86 
14 6 1 1  3 03 
14 588 2 37 
12 513 153 
10 461  93 

7 3 20 - 3 0  
6 255 -45 
0 10 3 

- 1  -36 -16 

-47 5 3 2  37 1 
Q 61 1 303 

-5 588 237 
- 1  51 3 153  

0 46 5 9 3  
-5 320 -30  - 13 2 5 5  - 4 5  
-4 12 3 
5 -15 - 37 
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Table A.11 (contj .nued) 

c 1-%OR--B 5 i 
E-903 -c 11? 
I-90N-D 13 
I-3014-E 15 
I-30N- 9 ? 
1-90%-3 2 

7 ? 
6 3 
S t  
5 6  
5 1  
4 I 

13 
G 

6 
8 

5 3  

69 
4? 
14 
15 
3 2  
4 

- 1 8  
- 2 2  
- 2 a  
- 1 8  
-'tQ 

- 1  

- 
'3 

-1 0 
6 1  

5 5  
50  
3'7 

u 
2 
6 

1 0  
1 3  
6 ? 

6 9  
3 8  
10 
9 

3 0  
3 

- 2 3  
- 2 6  
- 2 9  
-17 
- 1 2  

E O  .> v 

T R A  ?IS 
....-...--I 

39 I$!? 

2675 
2+66 
2331  
39 
19 87 

509 
196 
2 '7 9 
4 1 0  
519 

2551 

2918 
1839 
5 2 3  
5 16 

1363 
156 

-- 8 29 
-1813 
-893 
-?sa 
-5 82 



16 3 

-4 
11 
20 
26  
30 
3 1  

23 
26 
2 3  
24 
25 
2 1  

5 
1 
1 
1 

9s 
6 

7 
3 
4 
0 

- 2  
1 

I 2  
2 c  
26 
3 1  
3 3  
3 9  

4 
-3 
- 9  

- 1 3  
- 13 - 29 
- 2 1  
-20 - 20 

0 

c ._ 

12 
0 

1 4  
1 2  
10 
0 

1 5  
2 1  
25 
3 1  
3 3  
39 

.,. 
- 1 0  
-13 
-17 
- 2  

-39  
-2 
- 2 6  - 24 
-67 

6 

10  
14 
1 5  
'92 
1 2  
0 

6 06 

a 34 
1320 
1 4 1 3  
1668 

142 
-245 
-442 
-607 
-522 

-1196 

-2174 
-976 

-1020 
-532 
-779 
245 

478 
3 ? Y  
621  
5 39 
496 
-11 

Bao 
645 

60% 
934 

11.73 
6'323 
Ire3 

-7 32 
698 
546 

29 
88 

2 82 

-113 
7 18 

7 8  
149 

36 
252 

3 53 
192 
2 28 
166 

8 8  
23 

2 7 3 2  142  
56 7 0 1  - 2 Q 8  

9 5146 - 4 4 2  
-6  5 2 9  -607 - 17 499 - 8 2 2  

- 6 8  

76 '%5 -11025 
3 75 2-72 -65rr 
-9 
-6 

311 485 
-192 &155 5 1  

- 1 1  6 2 1  228 
0 5 39 166 - 24 497 8-7 
5 2 4  -12  



1.6 4 

Table A.11 ( c o n t i n u e d )  

BXIISE FORCE L O B E I N G ,  F X C ,  CN CYLINDER (10000 LB] 

T 21 7 oc: - A R 
’ k 2 7 0 C - B  54 
1278C-I 4 6  
x 3 ’Tor:- B Y l  
1 2 7 C C - E  3 8  
T 2  7@C- P 30 
T270C-H 30 
I2 7 oc- 3 2 3  
I2701-8 16 
1270C-L -7 
127oc-8 - 2 2  
‘I2TOC-I? -Q8 
r2-70c-Et* -58 
‘I 2 7 0 c - T 0 

-5Bb 
- 5 0  
-49 
- Y ?  
- 4 5  
- Y l  
- 3 3  
-29  
-14  

0 
2 1  
2 2  

-49 

86 9 9  
7 8  7 9  
69  47 
6 1  6 1  
59 57 
5 2  5 1  
48 ii 4 
46 ia2 
u4 4 2  
4 3  4’0 
3 8  :a 3 
4 8  39  

c Q 7  
5 1  4 3  

- 2  
4 
6 
7 

10 
15 
99 
24 
32  
4 3  
56 
6 1  
19 

- 2  
4 
8 

10 
11 
1 5  
19  
%Ls 
3 6  
0 1  
53  

2 0  
sa 

4065 
3398 
29Q2 
2629 
2459 
2239 
1932 
1896 
1887 
7838 
1803 
1957 
93 5 

21183 

- 3 4  
236 
380 
465 
5 17 
6 9% 
890 

1085 
1504 
1845 
2 3 7 3  
2595 

9 2 3  

1459 
26 31 
2246  
2023 
1884  
1703 
1 4 3 2  
1 2 7 1  
1 0 U %  
3 39 

-129 
-955 

-1437 
6 55 

-1633 
- 1 Y 4 0  
.-“ 1 3 5 8 
-1262 
- 1 1 9 4  
-103s  
-8QO 
-537 

38 
5 50 

1336 
1 4 2 5  

- 1  185 

-1’i”ib 4 0 7 7  14G-7 
-9 3398  263G 
31 29Q3 2’264 
2 2620 2 0 2 3  

-4 2&59  1884 
11 2238 1703 
54 1488 1 4 8 6  
59 1 9 0 1  1 2 5 6  
33 1882  1046  
24 1833 3 3 9  

- 7 1  1806 - 1 3 2  
114 1962  - 8 6 1  

-553 1096 -1557 
30 2184 6 5 %  

-3  
-9 

*- 25 
-4t3 - 14 

4 
-8 

- 8 7  
13 
513 
Y Y  
-8 

,c .9 

-14  
236 
3 8 0  
4sd5 
5 1 8  
6 3 8  
890 

7 0 8 5  
1506 
T 845 
2376 
2 5 9 6  

9 2 3  

- 1 6 3 3  
-1440 
- 1 3 5 8  
- 6 2 6 3  
-1194 
--” ? 0 3 5 

- 8 U O  
- 5 3 7  

36  
5 5 c  

1 3 3 4  
1 Y23 

- 3 1 8 5  

1270N-W 0 9 3  8 5  3922 1176 l o g  3926 1 1 7 2  
1270M-B 4 6  6 5  6 5  2709 2 9 9 9  63 27Q9 2189  
I27QN-C 2a 49 4 2  1802 1268 -11 1803 1 2 6 8  
I270N-D 13 29 3 1  1295 7 8 5  -33 1297 7193 
I2 7 011 -E 5 2 2  26 1055 Y 57 -5s  1060 4 5 2  
1270W-f 1 17 2 1  832 281  - 60 8 3 9  2-74 
r 27 0 M - w 0 2 3 120 36 - 13 122  34 

0 2  7 ON - B 
0276N-c 
0270N-D 
6240N-E 
027BN-P 
8 2 7 B H - G  
0270N-8 
0270N-K 
Cd270W-N 

-51  - 1 6  - 1 5  -622 -1-7007 
-27  - 2 2  -21 -963 -1695 
-12  -20  - 2 2  -910 -624 

- 2  - 1 6  - 8 7  -737 -273 
2 - 1 4  - 1 4  -610 - 1 9 2  
4 -8  -7 -3I-tO 16 
4 -6 -6  -284 44 
2 - 7  - 1  -54 3 3  
0 - 4 1  - 1  -‘Q% -8  

-13  - 6 2 2  -1707 
8 - 9 6 3  -3097  

23 -522 -912 
16 - 2 1 3  -737 
-1 - 1 1 2  - 6 1 0  

15 -340  
3 irsQ -2835 
8 3 3  -55 
7 -6  -44 

- 
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?'&le A*ll (cont inued)  

A X I i i L  FORCE L O A D I N G ,  PXC, ON CYLICNQER f10000 LB) 

13 1SC-B 
1345c- 
1375c-5 
a3 756-E 
I315C-F 
x3 a5c-a 
I315C-J 
1315C-K 
1315C-L 
13132-FI 
I315C-P 

C9315C-B 
S315C-c 
03 1%-D 
0 3  15c-e 
Q315C-F 
0315C-H 
0315C-J 
0315c-R 

0315C-M 
0315c-P 

28 
30 
33 
3 
35 
3% 
3 8  
39  
3 3  
3 3  
2 3  

7 4.0 
5 48 
1 39 

40 3 9  

4C 36 
42 3 2  
4 2  27 
44 1 6  
45 4 
53 -20 

40 38  

1 8 9 2  
1833 
I673 
17 10 
1689 
16 19 
1586 
1460 
? 275 
1049 
7 16 

-16 - 5 c  
- 1 2  -46 
-1.0 -46 
-7 -46 
- 9  - 4 3  
-4 - 4 1  
- 2  - 3 8  
0 -35 
9 - 2 9  
I7 - ? A  
31 2 

53 89 
47 37 
4 6  9 
42 -85 
4 3  3 
38  -52 
3 2  -113 
3 4  -20 
36 1 S? 
40 46'2 
SO 1124 

141 
Is055 
t477 
7541 
4 543 
1637 
1603 
1598 
f 3 8 5  
13@2 

8 92 

-457 
-342 
-2 89 
-250 
-256 
-137 - 95 

5 
308 
6 36 

1253  

80 w o a  13x1 
6 3  1843 3444 
57 9689 1 4 6 2  
8 3710 3541 

27 1686 1 5 3 8  
48 1677 5 8 0  

3 7 3  3787 953 
544 1735 517 
976 1784 -176 

- 1 3 6 3  1206 -1574 
-1237 1099 -1404 
-1218 1087 -1367 
-1173 IOOS -1343 
-1152 1033 - 1 2 8 6  
-3048 954 -1143 

-930 8 2 7  -1034 
-914 9136 -921 
-833 1106 -647 
-784 1337 -2QQ 
-64et 1836 54 1 

I315H-N 8 6 5 228 300 71 302  226  

0 3 T 5 N - B  
831SN-C 
0315N-D 
0315N-E 
0 3 1 SN-F 
03dSB-G 
8 3  ?SN-a 
0315N-K 
0315N-N 

-26 - 2 5  28  103 -754 -701  496 - 1 1 4 7  
0 - 1 1  2 -208 -62 -180 5 9  -32Q 

- 5  ,r: i - 3  - le1  -212  -27 - 7 6 5  -228  
- 1  - 1  -4 - 1 1 1  -57 32 -41 -126 

7 0 -3 -75 2) 45 3 8  - 8 3  
1 2 -4 -42 28 97 87 - 1 0 1  
E 0 2 194 2 23 81 292 1 2 6  
1 2 - 1  24 114 49 84 -96 
0 0 1 4 1 -11 14 -8 
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I - 0 - C - E  

T-0-C-C 
'e-0-c-w 
E-0-C-F 
-i-.o-c ...I1 

I - 0 - C - J  
1-0-C-K 
I -8-@-I, 
I-O-e"-M 
T-0-e-iE 
% - O - C - S  

0-8-C-B 
0- 0-c -i" 
0- 0-c *- D 
0-0-C-E 
0- 0-c --fI 
0 -, 0 -c - J 
0-0-c-K 
0-Q-C-k 
0-0-c-E 
0-0-c-P 
0-0-c-s 

I-0-N - B 
1-0-3-c 
1-8-N-9; ,  
I-0-N-E 
I-0-w -F 
I-8-N-W 

0-0-N-B 
0- 0-N-c 
0-0-8-@ 
0-0 -$a-E  
0-0-N-B 
0 - 0 -IT -e 
0- 0- N - I1 
0-0-8-K 
(3-0-N-N 

26 
1 

- 3 4  
-70  
- 2 8  

- 1 8 9  
- 1 1 2  
.* 107 
- l o &  

-9 2 
-67 

- 8 9  
- 1 8 2  
-408 
-105 
- 3 9 1  
-117 
- 4 5 3  
- 1 1 4  
-105  

.,-9 1 
-72  

0 
6 
2 

-1  
-12  

5 

26 
4 2  
46 
4 1  
36 
2 9  
26 
0 
4 

30  
I? 
1 2  

6 
iE 

-' 2 
- €  
- 3  

1 
11 
8 

- 4 1 
- 3 3  
- 3 5  
- 3 1  
- 2 2  

-7 
- 1 2  

- 8  
- 9  
-6  
- 6  

6 
7 5  
9 5  
62 
54 

1 

- 37 
- 4 3  
-35 
- 3 9  
- 2 3  
-- 1 q 

- 9  
3 
c) 

17 
5 
1 

-2 
- 5  
- 2  

0 
7 
0 

- 9  
-9 

- 3 6  
-29 
- 2 6  
- 2 0  
- 1 1  
- 1 3  

- 5  
- ?  
-14 
-7 
- 2  

2 3  
77 
8 3  
5 V  
6 5  

8 

-35  
-40 
- 3 5  
- 2 8  
-22 
- 1 3  
- 1 1  

2 
0 

1005 
!8 7 -3 
3211 
l 6§  

7 3  
25 
-9 

124 
3 34 

55 

-1573 
-1254 
- 1204 
-7004 

-617  
- 3 3 5  
-24Q 
-194 
-149 
-1038 

-01 

638 
33 29 
3477 
2630  
2620 

9 

-1563 
- 1879 
-F612 
-1360 
-1113 

-622  
-479 

113 
9 

2oia 

9086 
1-14) 

-20 4 3 
-2917 
- 3 2 5 0  
-33  45 
- 3 1 4 %  
-3097 
-2725 
-1996 

-3958 
-3426 
-3601  
-3444 
-3561) 
-3606 
-3471 
-3489  
-3194 
-2793 
-2170 

192 
1183 
1 092 

7 53 
4 1  
40 

3 20 

965 
e 23 
7 47 
6 8 5  
4 25 

34 
25 

-846 

7 oa 

S BE &H ----- 
176 
166  
143 
P ou 
136  

-7 
-?2 

- 1  23  
3 

26Q 
2 12 

-48 
- 56 

-122  
- 1  39 
-14Y  

76 
.- 86 -- '91 
- 63 

12 
- 5 2  

-238 
...~ 1-7 

- 1 1 3  
6 3  

-1  53 
18 

- 5 9  - sb7 
-215 
- 4 7  
-54 
-95 
32 
24 
-5 

1224, 8 6 5  
56C 6 97 
338 -863 
169 -2046 

7 8  -2923 
25 - 3 2 5 0  
-8 - 3 3 7 7  

208 - 3 1 4 9  
124  - 3 0 8 4  
158  -2'453 
'76 - 2 0 1 8  

-1574 - 3 1 6 1  
-1252  -3428 
-11998 -3607  

- 9 9 8  -3nd52 
-610 -350% 
- 3 2 3  -3608 
-238  - 3 4 7 3  

-80 - 2 1 7 1  

74 1 8 9  
3 3 2 9  1183 

2632 7 5 3  
2630 983  

148 1 

3 2 1  - 7 5 6 5  
709 -1880 
907 - 1 6 3 3  
828 - 1 3 6 %  
749 - 1 1 1 5  
685 - 4 2 2  
6 2 6  -480 
120 27 
27 8 



-9BOC-B -123  - 9 3  -47 - 1 3 8 0  -4802 
-9QC-C .-m - 3 8 7  -96  -44 - 3 5 8 4  -IrtrdO 

a-90c"- - 3  -?a38 - 9 1  -4368 -9 
6-9oc- 5 -98 - 8 8  -4306 -1  
0 -9 Be.: - F 8 -2105 - 9 3  4 3 9 8  -1 
.f-J-+daQC-Iil - 1  - 3 3  3 9  996 -88 

I-908-B - 1 2  - 2 2 9  -227 -90012 -3357 6 -3351 - 1  
c -6570 -21196 -935 - 

-34 - 7 -1475 -9458 -205 - 
1 - 9 a N - E  - 3 -767 -%2'118 - 

- 7 %  - 6 8  -3036 -2227 - 5 8  -2223  -3040 
c -25  2 1  - 3  2 1  -25  



1.6 8 

Table A. 17 ( con t inued)  

IW-PkABE FORCE L O A C T N G ,  P Y C ,  ON CYLINDER (3000 LB)  

PI H 6;: R 0 - s T E w 1 & S T R E S S E S  PRIN STRESSES -.. - _. -- -----....- a 

17 
-16 
-47  
- 3 2  
-07  

- 2 0 3  

- 9 4  
- 1 1 8  
- 8 1 6  
-124  
-127 
- 2 2 1  

28 
7 
0 
2 
(I 

-- 1 

3 3  
50 
49 
Y S  
37 

0 

35 
2 5  
16 
15 
6 

- 1  

-35 
- 3 5  
- 3 3  
- 3 1  
- 3 1  

1 

102 
87 
7 0  

8 
5 2  

1 

- 4 1  
0 

- 3 3  
-26  
- 19 

8 

4 85-7 
- 3  505 
-6 287 
- 6  266 
- 5  116 
- 1  178 

- 2 9  -1308 
- 2 2  -5115 
- 2 6  -1176 
-283 -1073 
- 1 8  -926 
- 3 2  -18  

1 1 1  46-58 
93  3933 
78 3260 
6 7  1448 
5 3  2312 

1 26 

-47 -1960 
- 5 1  -1173 
- 5 1  -1980 
- 3 4  -11809 
- 2 9  -1100 

- 1  - 1 4  

770 
-323 

-7313 

-2584 
-6035 

-3222 
-36 39 
-39ad3 
-4829 
-4103  
-536182 

2236 
1 3 8 9  

9 86 
SO2 
802  
-16 

3 9 1  

899  
9 39 
788 

5 

-2083 

1 7 4  

SHEAR 
e---- 

a35 
376 
2 9 1  
2 77 
149 

8 

-77 
-176  - 90 
-106  
-1  76 

173 

- 1 1 0  
- 9 2  

- 9  11 
-8911 - 15 

0 

98 
6 48 
2 37 
142 
126 

13 

1 2 5 1  3 7 7  
6 5 8  -468 
3 3 8  - 1 3 6 4  
299 - 2 1 1 5  
124 - 2 5 9 2  
1-78 - 6 0 3 5  

-1305  - 3 2 2 5  
-1103  - 3 6 5 1  
-1173  - 3 8 4 6  
-1069  -4033 

-9’97 - 4 1 1 2  
- 1 3  -6646  

4661 2 2 3 1  
3 9 3 5  1386 
3 2 6 6  986) 
1998 -29  
2312 8 0 2  

26 -16 

3 9 3  - 1 9 4 2  
1327 - 1 3 5 4  
919 -1979 
947 - 1 4 7 4  
996 - d l 0 8  

12 -20  



169 

Table A.12 (cont inued!  

IN-PLANE FORCE L O A C I N G ,  FYC, ON C Y L I N D E R  (3000 LE)  

I 2 7 0 C - A  
1 2 7 0 C - B  
I27OC-C 
1270C-D 
I270C-E 
I270C-F 
I270C-H 
I 2 7 O C - J  
I270C-K 
I27OC-L  
I27OC-!! 
1 2 7 o c - P  
I27OC-X 
I 2 7 0 C - T  

0 2 7 Q C - B  
027OC-C 
0270C-D 
0270C-E 
027OC-F 
O27QC-H 
0270C-J 
027OC-K 
027OC-L 
02 7 8C - M 
027OC-P 
027OC-3 
0270C-T 

P270N-A 
T270N-B 
I27O’M-C 
1270W-D 
T270B-E 
P2 7 ON -F 
I270N-N 

0270N-3 
0270N-C 
027QN-D 
Q270EI-E 
027QN-F 
0270N-G 
Q270N-H 
0 2  7 O N  -K 
0270M-W 

6 5  
18 
27  
2 4  
31 
31 
27 
2 1  
18 
13 

1 
-15  
-14 

0 

-11 
-6  

1 
10 
16 
2 8  
33 
3 4  
36 
36 
29 

9 
-40 

102 
- 4  1 
-58 
-48  
-32 
- 20 

0 

49 
27 

1 
-22 
-30 
- 3 2  
-30 

- 8  

-247 
- 1 9 1  
- 162 
- 1 4 5  
-133  
-131  
-125  
-1 1 9  
- 1 0 8  

- 9 9  
-87 
- 5 6  

0 
8 9  

- 8 7  
-82 
- 7 7  
-74 
-73 
- 6 5  
-64 
-54 
- 3 3  
- 2 0  

15 
3 6  
98 

-298  
-212 
-146 

- 9 6  
-62 
- 3 9  

1 

-13 
3 1  
43 
39 
33  
16 
18 
- 3  

-283 -11718 
-165 -7827 
-130 -6451 
-114 -5733 
-110  -5371 
-100 -5107 

- 8 0  -4S34 
-67  -4126 
- 6 2  -3774 
-47 -3220 
- 3 0  -2577 

9 -1019 
29 644 

10Q 4162 

- 1 1 5  -4434 
-108 -4171 
-106 -4015 
-101 -3856 
-99 -3786 

-180 -3730 
-97 -356s 
-94 -3281 
- 8 9  -2719 
-71 -2046 
-44 -659 
-29 148 

0 5  YO64 

-315 -13575 
-200 -9011 
-141 - 6 2 5 5  

-96 -4174 
-69 -2831  
- 4 s  -1833 

- 1  -3 

-25  -882 
3 4  1399 
S t  2054 
rc6 1840 
4 2  1673 
20 832 
1 3  5 80 
- 2  -108 

-1552 
-1813 
-1135 

-997 
-678 
-592 
-553 
-618 
-607 
-563 
-743 
-744 
-213 
1248 

-1672 
-1 440 
-1 188 

- 8 7 0  
- 6 5 2  
-288 

-75 
4 9  

279 
475 
6 6 3  
3 13 

19 

-1009 
-3928 
-3620 
-2703 
-3815 
-1  155  

-1  

1213 
1218 
650 

- 385 
-7 17 
-715  
-269 

Q 0 0 Y 1 

SHEAR 
..-PI- 

4 6 0  
-344  
- 4 3 1  
-4  17 
-312 
-402 
-594 
-6 9’1 
-613 
-703 
-750 
-861 
-3 81 
-151 

37 1 
3 57 
388 
370 
3 3-7 
409 
445  
528 
747 
6 83 
792 
866 
165 

23 
- 1 5 5  - 66 

- 2  
9’4 
82  
26 

155 - 46 
-111 

- 9 8  
- a  a9 

-ate 
- 2 5  
-21 

-9 

-1530  -11740 
-1793  -7847 
-1100 -6486 
-960 -5770 
-657 -5392 
-556 - 5 1 4 3  
-466 - 4 6 2 1  
-487 -4257 
-492 -3889 

-475 -2844 
-10 -1753 
789 -358 

4165) 1241  

-389  -3395 

-1623  - 4 4 8 3  
-1395 - 4 2 1 7  
-1136 -4068 

- 9 2 s  -3901 
-615 -3822 

-20 -3621 
129 - 3 3 6 3  
455 -2895  
648 - 2 2 1 9  

1034 - 1 0 3 0  

-241 -3778 

-1005 -13580 
-3923 -9615 
-3618 - 6 2 5 6  
-2703 -4276 
- 1 8 0 6  -2840 
- 4 1 9 5  -1843 

19 - 2 2  

1223 -893 
1410 1207 
2 0 6 3  52  
1894 - 9 1 1  
1680 -4181 

$ 3 4  -738 
580  -1376 

-185  -271  
112 -6 



l'( 0 

12 
-7 

- 19 
-32 
-33 
- Q 3 
- 5 9  
-73 
- T O  
-76  
- 6 Q  

-57 
- 6 6  
-65  - 6 Q 
-6bg 
.. 6 1 
-59 
. '§6 
- 5; 6 
- 5 2  
-45 

.- I 

45 
0 

2 2  
1 2  

e 
0 
C 

- - I  

i) 

-166  
- 1 S C  
-132 
-126 
- 1 1 5  
- 1 1 1  
- 9 0 9  

- 8 5  
-76  
- 5 5  
- 3 7  

5 5  
s3 
39 
3 5  
1.9 
2 6  
2 6  
30 
39 
4 2  
4 2  

0 

19  
- 1  

** 1 2 
- 1 3  

0 
- 1 8  
- 1 6  

0 
*: - 

-2656 
-2002 
-1572 
-1526 
-1383 
-1554 
-1325 

-968 
-997 
--67 1 
-422 

-2794 
-2678 
- 27 16 
-2635 
-2687 - 2 b?, 0 3 
-1960 
-1589 

-925 
-527 

83 

2 ' J  

-:sy3 
- 3  10 

100 
161 
604  
47 

- 57 
28 
19 

-450 
- 799 

-1094 
- 1 4 5 4  
-1S90 
-1749 
-2156 
-2475 
-2393 
-2SrBfS 
-2051 

- 2 5 3 8  
-2793  
-2780 
-2744 
-27.36 
-2549 
-2351 
-2 1 Q l 4  
- 1 9 5 Q  
- 1  729 
- ? 3 3 3  

- ? $  

6 8 3  
- 1 2 3  

6 9 4  
&I5 
362 

25 
- 5  

-E2  
6 

s ME WE 
...-o-- 

- 2 8  15 
-2788 
-249% 
-2347 
- 2 1  34 
-8398  
-1853 
- 1 6 2 5  
- 8 3 W Q  
-397 
-6  98 

3 2 0 4  
2 8 1 3  
2738 
2 5 7 1  
3 Q 4 9  
2204 
1903 
58173 
1635  
1469 
1093 

- 
- i  

159b 
7 3 

' 401 
-5'70 
-I 351 
-504 
-!4 27 

- 6 7  
- 1 1  

I470 -4576 
1491% -4245 
1 1 4 1  - 3 8 8 7  
809 - 3 8 8 9  
708 - 3 6 5 5  
3119 - 3 6 5 2  
165 -3Brs2 
7 0  -35513 

- 2 4 1  - 3 2 4 3  
-231 - 2 8 2 5  
-76i4 - 2 3 0 9  

28 '- 1 5 



1.71. 

I - 0 - C - E  
T-Q-C-C 
1-0-C-D 
I -0-C-F 
I-0-c-IJ 
I-0-@-J 
I-3-@-K 
I - 0 - C - L  
f -0-c- n 
I-0-C-P 
I -0-c-s  

Q-0-C-B 
0-0-c-e 
0-0-E:-D 
0-0-C-E 
0 - 0 - G - H  
0-6-C-d 
Q-0-C-K 
8- 0-C -L 
0”-3-c- M 
0-0-C-F 
0-0-C-S 

1-0-Ef-u 
1-0-8-c 
I-0-N-D 
I - 3 - 8 - E  
I - 0 - I - P  
X - 0 - N - N  

-0-W-8 
0-0-Fly-c 
0- 0-M - D 
0 -8- w -E 
0-s-R-P 
0-8- N-G 
0 - 0- ta - B 
0-GI-N-R 
ra-O-%-W 

3 
1 
0 
1 

- 3  
3 
6 
7 
2 

- 1  
-5 

1 
4 
3 
3 
2 
5 
3 
2 

- 1  
1 

-4  

0 
2 
2 
2 
0 
0 

- 5  
-6  
- 6  
-5 
-18 
- 2  
- 2  
0 

- 3  

- 4 9  
-5 ‘3 
-56 
- 5 1  
-48 
-49 
-ea7 
- 4 6  
- 4 6  
-rr2 
-40 

6 2  
54 
57 
54 
54 
la7 
a 5  
42 
Q 5  
42 
41 

5 
17 
11 
5 
3 
0 

2 1  
1 

-7 
- 10 

- 9  
-9 
- 9  
- 2  

0 

40 
44 
4 1  
3 5  
27 
2 6  
2 1  
2 2  
2 4  
3 0  
27 

-63  
- 4 c  
-412 
- 3 9  
- 3 2  
-30 
- 2 8  
-2Q 
- 2 3  
- 2 8  - 29 

6 
50  
1 2  
4 3  
t o  

0 

- 2 5  
d 
9 

I d  
8 
e 
8 
1 
0 

TRRANS 

-206 
-215 
-320 
- 3 6 1  
-4  57 
-505 
-580  
-530 
-48’5 
-280 
-284 

- 26 
289 
3 29 
3 34 
4 8 3  
367 
355 
385 
4 87 
2 97 
278 

2 5 3  
1:474 
507 
3 99 
2 5 3  

3 

- 8 3  
CgY 
32 
42 

-18 
- 3 8  
- 3 1  
- 2 2  

5 

STRESSES PRIN STRESSES 
1- I... - --- -....--...---I---- 

25  - 3 3 7 5  
-29 - 1 2 9 3  

-185 -129% 
-74 -1154  

-158 -391 
-74  -1007 

-93  -941 

-24.3 -898  

29 1676 
214 1254 
186 1309 

2 7 3  9022 
t 92 9 64 
183 8 8 1  
a 15 907 
1 1  9 34 
- 3  9 27 

E -119 
490 -4216 
2 0 3  - 25 
a77 - 4 1 6  

96 - 96 
5 - 3  

- 1 7  6 ou 
- 1-77 2 
- 1 6 9  -207 
- 1 5 1  - 2 7 8  
- 1 2 1  -239 
-619 - 2 2 8  
- 6 8  -229 
-7 -45 - 3 2 11 

SXGHN ---..- 
- I272 
- 1 4 1 9  
- 1 5 0 s  
- 1 3 8 0  
- 1 3 1 @  
- 1 3 1 9  

- 1 2 5 0  
-3162 
- 1 1 6 2  

- 1 6 7 2  
- 1 0 0 3  
-1BS3 

- 9 8 9  
- 8 0 3  
- 7 0 3  
- 6 9 0  
- 6 0 2  
- 6 2 5  
- 7 3 5  
-8117 

74  
34  8 
2 8  1 
3 3 2  

5 5  
3 

- 4 3 6  
- 1  
- 2  
- 3rs9 
-31Q 
- 2 7 7  
-279 

-6 
- 7  



Table A.13 (continued) 
I--_. 

OUT-OF-PLANE FORCE L O A D I N G ,  PZC, ON C Y L I N D E R  (3000 L3) 

I-9OC-8 
9-90C-C 
I-90c-D 
IC-90C-E 
T-90C-P 
1-9OC-R 

6 - 9 0 C - B  
0-90C-C 
8-90C-D 
0 - 9 0 C - E  
8-3oc-P 
0-9OC-E 

I - 9 0 N - B  
I-9ow-c 
9-9OH-19 
- L - 9 3 N - E *  
I - 9 Q N - F  
I - 9 ON - N 
0- 93w - B 
0-9OW-C 
0 - 9 B H - D  
0-93w-E 
0 - 9 8 N - P 
8- 90 ?J -., N 

-15 
-16 
-18 
-20 
-19 
-15 

0 
16 
12  
10 
6 

- 5 6  

-13 
-2 
2 

37 
4 
0 

6 
5 
6 
4 
Ei 
0 

G A G E 2  GAGE3 ----- 
61 
65 
63 
60 
6 1  
99 

-14 
-27 
-22 
-21 
- 15 

89  

15 
12 
1 1  

- 2 9  
3 
0 

-12 
1 
5 
9 
9 
0 

----- 
- 3 5  
- 4 1  
-35 
- 3 0  
- 3 0  

9 1  

5 3  
6 6  
6 6  
65 
7 2  
96  

1 3  
- 8  
- 8  

- Y 2  
- 1  

0 

3 3  
2 

-8 
-13  
- 1  3 

0 

STRESSES P R P N  STRESSES -------- ."---I---_---- 

TRAYS LONG SHEAR SEGI'IX SIGHFM 

552 -290 1294 1 4 9 2  -1230 
550 - 3 1 1  14105 1590 - 1 3 5 0  
652 -345 1304 1550 -1242 
675 -405 1210  1462 -1190 
708 - 3 6 9  1212 1496  -6157 

4188 808 1 1 1  % I 9 1  804 

95% 2 5 6  -884 1487 -379 
8QY 723 -12U3 2028 -461 
952 6 5 1  - 1 1 7 4  1985 - 3 8 2  
959 599 -6154 1947 -389 

1230 556  -1157 2098  - 3 4 2  
4130 -255 -87 Ql 3 1  -257 

639  -183 27 6 4 0  -188 
93 - 37 26-3 299 -243 
66 67 2 5 5  329 -188 

- 1 5 4 8  6 50 174 563 - 1 5 9 2  
30 130 56 155 5 
2 4 -7 10 -4 

4 37 312 -599 9-76 -229  
'4 1 159 - lhb 160 Y O  
-62 l§f4 177 253 -167 
-88 101 2 a9 311 - 2 9 8  
- 98 90 2 97 3 0 8  - 3 1 6  

- &  0 8 6 ~- :o 



Table A.13 (continued) 

OUT-OF-PLANE F O R C E  L O A D I N G ,  PZC, ON C Y L I N D E R  (3000 LB) 

f l I C R O - S T R A I N  STRESSES P R I N  STRESSES 

1 1  8 3 C - E  5 -59 52 -159 117 -1469 1454 -1496 
I1 eoc-c 3 -63 50 -250 1 -1505 1372 -1651 
I18OC-D 3 -50 46 -268 21 -1384 1268 -1415 
IlBOC-E 1 -59 41 -407 -107 -1325 1977 -1591 
I 180C-F 1 -54 36 -392 -87 -1199 969 -1448 
I18OC-S 8 30 -41 -292 158 350 929 -1012 

0189C-I3 9 58 -58 1 263 1551 1688 -1424 
0 1 8OC-C 3 54 - a 2  2 57 303 1289 1569 -1010 
0180C-D 9 54 -42 231 343 1279 1577 -983 
0180C-E 8 54 -39 329 348 1232 1571 -894 
018OC-P 8 52 - 3 7  331 326 1184 1512 -855 
0180C-s 19 39 - 3 0  156 6 16 919 1333 -561 

1180N-B -3 -20 -14 -752 -309 -82 -294 -767 
I18UN-C -4 -14 - 1  -4’12 -238 -234 - 8 5  -595 

I180W-E -2 0 6 125 -27 -76 159 -58 
I1 898-F 0 - 3  5 42 -2 -115 138 -97 
IlBOI-H 1 1 -1 -2 15 15 24 - 1 1  

I1 80W-D 3 - 1 0  1 -187 26 -142 97 - 2 5 8  

0 9 80N-R -4 IC - 8  41 - 97 2 32 214 -270 
018OW-C -4 0 6 133 -90 -78 158 -115 
0 180M -D -3 -12 6 -143 -140 -240 98 -382 
0180B-E -4 -14 10 -91 -153 -315 194 -438 
OleON-P -1 -13 9 -73 -118 -293 232 -353 
0180%-W 0 0 1 1 1  0 - 1 1  18 -7 



Table A.13 ( c o n t i n u e d )  

O U T - O F - P L A N E  FORCE L O A D I N G ,  FZC, O N  C Y L I N D E R  (3000  LBI) 

PRIN STRESSES R I C R O - S T R A I N  STRESSES 

12 7 OC - A 
1270C-B 
127oc-c 
1 2  7oc -D 
T270C-p: 
I 2 7 0 C - F  
I 2 7 0 C - H  
I 2 7 O C - 3  
I 2 7 O C - K  
1270C-L 
127DC-M 
I270C- le  
I27OC -R* 
127 0C - T* 

02193C-B 
027oc-@ 
@270C-D 
0 2 7 Q C - E  
0270C-F 
0270C-B 
0 2 7 OC J 
0270C-K 
027OC-L 
027OC-# 
027OC-P 
0270C-R 
0 27 OC -T* 

-9 21 -47  
- 1 2  32 -73 
-10 36 -77 

-8 38 -73  
- 3  27 -71 
- 3  2 c  - 7 0  

0 8 - 6 9  
8 - 9  - 7 4  
9 - 3 9  -79 

2 0  - 3 7  - 9 c  
25 -50  -103  
4 4  - 9 3  -106 
53 G -97 

0 - 3 9  34  

2 3  - 5 5  44 
18 - 5 2  4 7  
24 -55  39  
2 2  -58 33  
2 2  - 5 e  31 
2 2  -62  18  
2 4  -69  6 
2 7  -74 -9  
29 -93  -41  
30 -103  - 5 6  
29 - ? 1 3  -87 
27 -119 -109 
13  46 - 2 1  

-567 
-891 
-882 
-9 26 
-968 

-11 0 3  
-1331 
-1820 
-2615 
-2821 
-3380 
-4420 
-2197 

-1 24 

189 
-149 
-374 
-560 
-617 
-986 

-1411 
-183'7 
-2971 
-3524 
-4442 
-4876 

518 

- 4  3 1  
-635 
-579 
- 5 8 8  
-395  
-416 
-410 
-304  
-5 15 
- 2 5 1  
- 2 7 3  

5 
9 29 
- 3-9 

7 43 
501  
6 11 
502 
488  
3 64 
2 97 
276 
-3Q 

-145  
- 4 6 4  
-6 59 

5 4 1  

904 
1403 
1509 
1371 
1300 
1192 
1023 

868 
5 30 
712  
7 07 
181 

1297 
-972 

-1587 
-1320 
-1243  
-1208 
-1179 
-1073 
-1018 

-86% 
-699 
-621 
-3  47 
- 27 
893 

408 
646  
787 
670 
650 
48 1 
252 

9 1  

-67 
-119 

12 
1397 

892 

- 3 8 9  

207-7 
1536 
1455 
1290 
1238 
957 
76 5 
5 8 2  
123  
-34  

-1934 
- 6 5 %  
1 4 2 3  

-1405 
-2171 
-2246 
- 2 1 0 4  
-2013 
- 2 0 0 0  
- 1992 
-2214 
-2747 
- 3 0 0 5  
- 3 5 3 3  
-4Q27 
- 2 6 6 5  
- 1 0 5 3  

-1145 
- 1 1 8 3  
-1218 
-1349 
-1367 
- 1579 
-1880 
-2188  
-3129 
-3634 

- 4 8 7 6  
- 3 6 4  

I 2 7 0 14 - A -4 -6  9 66 -101 -190 191 - 2 2 5  
I 2 7 0 N - % -5 2 0  12  7 '15 55 109 7 3 3  38 
I ~ ~ O N - C  2 2 c  10  638 262  135 681 2 4 9  
1270N-I3 4 16 6 477 3 67 135 5 6 7  277 
1 2 7 ON - E 6 1 s  7 473  3'19 1 0 5  5 2 6  2 6 6  
T 2 7 0 N - Q  E; 1 2  1 2 75 2 3 1  151 Q05 101 
I 2 7 0 11 - N 0 C 0 -10 -3 -3  - 2  -11 

0270N-D 
0270M-C 
02'40N-D 
0270N-E 
0270N-I? 
0270N-G 
0270N-8 
0270N-K 
0270N-N 

13 - 2 2  2 9  1 2 5  
8 6 4 2 14 
4 1 2  - 4  1 s 9  
3 13 -7 133 
2 12 - 9 1  28 
1 11  -8 ''I 1 
2 70 - 9  2 8  
0 3 - 2  9 
1 1 8 20 

441 -647 
2 9 4  21  
176 2 14 
116 270 
70 3 8 0  
38 255 
59 250 
10 6 4  
25 9 

978 -472 
299 208 
382 - 4 7  
394  - 1 4 5  
350 - 2 5 2  
310  - 2 0 1  
295 - 2 Q 7  

7 3  - 55 
3 1  1 3  
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Table A.13 (cont inued)  

OUT-OF-PLANE FORCE L O A D I N G ,  PZC, OW C Y L f N D E R  (3000 L B )  

ROSETTE 
...I----- 

T3 1SC-B 
I3 15C-C 
I315C-IJ 
1315C-E 
131SC-P 
T315C-I! 

lI31SC-K 
1315C-L 
I 3 1 SS -# 
I S I S C - P  

031512-B 
0315C-C 
0315C-D 
031SC-E 
031SC-F 
0 3 1 5C-fl 
031SC-J 
0315C-K 
C315C-L 
0315C-M 
0315c-P 

I315N-N 

0315N-B 
0315N-C 
0315N-n 
O 3 1 5 N - E  
03 15N-F 
0 3  15N-G 
031SN-H 
0315W-R 
031SN-N 

I3 1 SC-J 

----- 
-5  
3 
6 
9 

1 1  
17 
17 
16 
13 

0 
- 9  

24 
2 6  
29 
2 9  
3 2  
32 
3 0  
29 
18 
11 
- 3  

1 

1 1  
0 

-1 1 
-17  
-18 
-15 
-14 
-2 
0 

---e- 

-55 
-52 
-50 
-50 
- 0 8  
- 4 e  
-58 
-69 
-7 1 
- 8 5  
-92 

-7 
-4 

0 
C 
0 
1 

-1 
1 
2 
1 

-1 

- 1  

2 

22  
19 
0 
7 
5 

- 2  
0 

ia 

_--e- 

- 5 6  
-49 
- 4 3  
- 4 2  
-4 1 
- 3 9  
-32 
-21 
- 2 2  

- 3  
7 .., 

-27 
- 2 6  

-31 
- 3 3  
-41 
-4s 
- 5 5  
-7 1 

-93 

-1 

- 1  
77  
13 
15 
1 1  
7 
4 
0 
0 

-28  

-a 1 

TRANS ----- 
-2448 
-2234 
-2046 
-2024 
-1968 
-1936 
-1992 
-1 982 
-2065 
-1959 
- 1963 

-773 
-694 
-650 
-7 12 
-746 
-9 16 
-1045 
-1223 
-1532 - 1789 
-2054 

- 34 
-8 
767 
908 
7 5 8  
2 56 
3 23 
225 
-37 
12 

STRESSES -.------- 
LONG - - -I 
-883 
-583 
-428 

-255 
-61 
-73 

-1 29 
-236 
-5  85 
-852 

474 
579 
6 6 s  
661 
723 
675 
597 
4 97 

79 
-221 
-703 

1s 

3 3 0  
230 
-72 

-270 
-455 
- 3 Q O  
-340 

4 

- 3 3 8  

- a3 

SHEAR ----.. 
14 

-43 
- 8 5  

-108 
-106 
-1 18 
-346 
-6 22 
-658 

-1099 
-1262 

271 
293 
372 
405 
4 37 
554 
589 
7 38 
964 

1093 
1224 

2 

39 
19 
45 
62 

-143 
1 1  
16 

-19 
-1 

PRIN STRESSES 

-883 -2448 
- 5 8 2  - 2 2 3 5  
-424 - 2 0 5 0  
- 3 3 1  - 2 0 3 0  
- 2 4 8  - 1 9 7 5  
-54 -1943 
-13 -2052  
60 -2172 

-24 - 2 2 7 7  
24 -2568  

- 2 9  -2787  

5 3 0  - 8 3 0  
6 4 3  -758  
743  -748 
771 -823 
8Y3 -867 
849 -1090 
786 -1234 
771 -1496 
530 -1983 
340 -2350 

2 0  -2777 

15 -34 

334 -12 
767 229 
910 - 7 4  
7 6 2  -273 
284  -483 
323  -340 
225 - 3 4 0  
- 3 0  -90 

1 3  4 
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